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WELCOME 
TO THE 
NEW 

POPULAR 

SCIENCEl 



If you noticed something different, 
you noticed correctly! 



Beginning this Issue Popular Science w\{{ be bigger and better 
than ever. Starting now, you can look forward to nnore editorial 
pages each issue, more original photography, more bold design 
and data visualization, and more in-depth feature articles, Its still 
the Popular Science you know and Love— just more of It. 

To create this new Pbpuf or Science, we are changing our frequen- 
cy. Instead of publishing monthly, we will pubLsh a larger, thicker 
issue bimonthly, so subscribers will get one expanded issue every 
other month. Each expanded issue will be like getting two issues 
in one In the future, an annual subscription will contain six 
bimonthly issues. For more about the exciting changes, read the 
Letter from Editor-in-Chief Cliff Ransom in this issue 

As always, our Customer Care Center Is available to answer 
any questions you may have about your subscription You may 
contact them at popscLcom/cs or, if you prefer, 800-28B-93B9 
We also have prepared a Frequently Asked Questions page at 
pop&cL com/FA Q 

Enjoy the new Popuiar Sciencel 
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Why should you sign 
up for our newsletter? 




Our perspectiye on science is unique. 
Like you. 



Sign up for the Popular Science editorial newsletter 
and each week you’ll get the latest and greatest in 
tech reviews, science news, video, photography, and 
special offers. 




GET THE 

LATEST 

CONTENT 

FROM OUR 

DIGITAL 

EDITIONS 




THE FUTURE NOW 

PopSci. corn’s news-reader app delivers 
all the content from PopSci.com in an 
easy-to-read format on the go. 
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Get up-to-the-minute 
news on cutting edge 
scientific research, 
gadgets and green tech. 
Save the stories to read, 
even when you’re not 
connected, and filter them 
by your favorite topic. 



STAY CONNECTED TO THE POPULAR SCIENCE COMMUNITY 
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ON THE COVER 

Air Force Lt. Colonel 
Rhett Hierlmeier, 
Photograph by 
Spencer Lowell 



Tlie Future of 



Currency has gone 
fronn cows to coins 
to paper to plastic. 
The next big dis- 
ruption? We could 
all end up spending 
digital dough. 
KASHMIR HILL 



Featviriiig 
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BIG IDEAS OF 2016 

Every year is a big 
one in science and 
technology. But 2016 
will change the way we 
explore, connect, cure 
disease, and go to war. 
Here are the ideas and 
individuals poised to 
shape the year ahead. 
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THE LAST 
FIGHTER PILOT 

The new F-35 Joint 
Strike fighter jet is 
so sophisticated, so 
automated, and so 
connected, it’s fueling a 
debate: Do we still need 
pilots to fly? 

KEVIN GRAY 



66 

PROTO HEROES 

One day robots could 
come to your rescue— 
but first, they have to 
learn to walk. Meet 
the machines that 
competed in the DARPA 
Robotics Challenge. 

F. SCOTT SCHAFER 
ERIK SOFGE 
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EARTH 
NATION 

Last year, scientists had 
to redraw the map for 
seismic activity in the 
U.S. There's a whole lot 
more shaking going on 
in the Midwest— and 
humans are causing it. 
BARRY YEOMAN 
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Editor’s Letter / Masthead 



New Year, 
New Era 



V 

or nearly 144 years, 
Popular Science Uas 
arrived at your doorstep, 
in your mailbox, or on your news- 
stand just about the middle of 
each month. Starting with this 
issue, we’ll be doing things a bit 
differently. Instead of monthly 
delivery. Popular Science w\\i 
begin offering bigger, richer 
magazines every other month. 



This is, obviously, a big change — 
like once every 144 years — and it 
bears some explanation. When 
making a product, two of the most 
important questions you can ask are, 
“How are people using my widget, 
and have I optimized for that case?” 
The engineers, entrepreneurs, and 
designers we cover ask these ques- 
tions regularly. We thought it only 
right to ask them ourselves. 

What we found is that over the 
past few years, the way people use 
Popular Science has changed. Where 
readers once relied on our printed 
magazine as a source of news, they 
mostly go to our website for that 
today. That’s why our online and 
social-media audience continues to 
grow so rapidly. What readers prefer 
from print — or so they’ve told us — is 
a richer experience, one filled with 
unique perspectives, creative and 
well-considered illustrations, and 
beautiful photography. 

And therein the change in 
frequency: Rather than produce 12 
smaller issues each year, we’ll aim to 
make six bigger ones that afford the 
experience our readers desire. 

As you’ll notice as you page through 
this issue, all of our sections have 
grown substantially, with more 
gadgets, incredible ideas, and amazing 
DIY projects than ever before. Our 
feature well has nearly doubled too. 
You’ll see more original photography. 




more data visualizations, more 
thought leaders, and more great 
stories. It’s still your Popular Science — 
there’s just more of it. 

So that’s the news on the print 
side, but as you can probably guess, 
that’s only part of the plan. By far, 
the biggest area of growth Popular 
Science faces is in online publishing. 
(It doesn’t take a futurist to predict 
that.) Changing our print frequency 
will allow us to redeploy resources to 
seize those opportunities. That will 
mean more news — ^we’ll always be 
committed to covering what’s new 
and what’s next — but it will also 
mean dedicated digital features, new 
video franchises, and the flexibility 
to teU amazing stories with the coolest 
new technologies out there. 

Whenever I tell people that I’m 
the editor in chief of a magazine 
that’s been publishing continually 
since 1872, their first response is 
almost always, “Wow, that’s so amaz- 
ing!” Then they think about it for a 
moment and say somewhat more 
ominously, “Wow, you’ve really got a 
legacy to protect.” 

The truth is, they’re right on both 
counts. It is amazing to lead a historic 
brand, but it’s also a challenge. When 
the world changes — as it has more 
than a few times in nearly a century 
and a half— you need to change 
with it. Just like the scientists and 
engineers in our pages, we need to 
look objectively at the future and 
embrace the disruption we so often 
cover. We need to trade orthodoxies 
for experimentation and fear for 
exuberance. And at every step, we 
need to keep our readers squarely in 
sight. So please join us for this next 
chapter. I think you’re going to like 
what you find. 



Enjoy the issue. 

Cliff Ransom 

Editor in Chief 
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Popiy/arSc/ence delivers the step-by-step instructions and 
game*changing insights you need to transform a back-of' 
the*envelope idea into a gleaming finished product, 
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This is the Cube. 



The RIF6 Cube is the newest must-have tech accessory— an extremely small 
mobile projector. Only 2” x 2”, this amazing device allows you to project your 
pictures, play your games, and even stream movies directly from your smartphone, 
tablet, or laptop. Compatible with all HDMI & MHL devices, the Cube removes the 
limitations imposed by screen size, so you can rediscover mobile media. 




Extend youf current subscription, give a gift, or enter a new subscription 
now - and save 20% on the RIF6 cube (retail price ^ 299 .00 , special ofler 
price $239.20). With your order confirmation of a 7 issue subscription 
at the special price of $11.95 you will receive complete instructions for 

ordering your Cube at this special ‘subscribers-only’ price. 



Save 



20% on this innovative mobile projector 
with a special Popular Science offer 
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Take advantage of this special offer now! 

Go to www.popsci.com/cubeoffer 
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Before We Begin 




SPOUSE FRIEND STRANGER 



OK Not OK 

Um, excuse me. 

Winter inevitably means one 
thing to commuters: more 
people cramming onto trains 
and buses to travel in warmth. 
To help you navigate that 
socially awkward situation, 
scientists have created “touch- 
area maps” that show where 
its OK to make contact 
with others — and where it isn’t. 
Check out pops.ci/touch to see 
why where you live matters too. 



FUdcast Finale! 



Already planning your 2016 
vacations? Don’t miss this 
season’s final episode of 
Futuropolis. It explores the 
future of travel, and promises 
to take you to the location of 
your high-tech digital dreams. 
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Want more? Check us out on 
social media! Besides Facebook, 
Twitter, and Instagram, 
look for our icon — a chimp in a 
spacesuit — on Tumblr and List 
App. You can even watch us 
test gear, fly drones, and con- 
duct experiments (sometimes 
on each other) on Periscope. 
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July, 1950 • 35< 



MECHANICS AND HANDICRAFT 



The Early Science 
of Car Safety 



JULY 

1950 



Sixty-six years ago, World War II was in the rearview mirror, and the economy was doing 
well. But the rise of the auto industry brought with it a new concern: traffic deaths. Safety 
engineers referred to the passenger seat as the “death seat"— a metaphor we took even further. 
“Death never takes a holiday," we wrote. "He rides in every car, every day, with his bony finger on 
the right front seat." Fortunately, we also had a positive spin: technologies being developed to 
protect car passengers, including “the Thin Man"— an early 2-D version of the test dummy— 
and seat belts, which did not automatically come in cars at the time. 
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Download the iTunes app today for instant access 






POPULAR SCIENCE SUBSCRIBERS 

Get Apple Digital Access at no additional cost! 



How to Get Your Free Digital Subscription 



On the iPhone, tap the 

gear icon in the upper 
right portion of the screen, 
then tap "Sign In"— then 
enter your newly created 
username (email address) 
and password. 



If you don't have 
the app already 
downloaded onto 
your iPad® or 
iPhone®, download 
the free app from 
the iTunes app store, 



2 

Tap "My Account". 
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After creating 


On an iPad, tap 


Then tap "Current Print 


your Digital 


"Sign In", then 


Subscribers - Digital 


Access 


enter your newly 


Access" and follow 
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created username 
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subscription. 
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WAYS TO HACK 



INSTALL 
VOUR OWN 
THEATER 



LG TV EG9600 

$5,000 



If you’ve ever set eyes on an organic light- 
emitting diode television, the benefits are 
obvious: They’re thinner, brighter, and have 
sharper contrasts than any other TVs on the 
market. LG’s newest version— the EG9600— 
is the pinnacle of this display technology: 
It offers a near-perfect picture quality 
because OLED pixels don’t leak light, 
meaning blacks are blacker and colors 
don’t wash out. In addition, the picture 
holds up even when viewed from the sharp- 
est angle, so even latecomers to the party 
will have a view of the on-screen action. 
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MARONTZ AV880ZQ 
AND MM8077 

$ 4,000 PREPiMP 
$ 2,400 RMPLIFIER 

This combination Marantz preamp 
and amplifier can drive up to 150 
watts to seven speakers at a time. 
It’s among the first systems to 
process ultra-high-definition 4K 
through HDMI. It also supports 
Dolby Atmos— theater-quality audio 
that places you in the middle of a 
three-dimensional soundscape. You 
can also stream your favorite Pan- 
dora, Spotify, and SiriusXM satellite 
radio channels directly to the units. 



B8W 803 D3 
SPEAKERS 

$ 1 ' 7,000 

Bowers & Wilkins spent eight years 
perfecting the 803 D3 Diamond series 
design, and it paid off. The 803’s birch 
casing is specially configured to mini- 
mize unwanted vibration and deliver 
high-fidelity audio. They might appear 
bulky at 4 feet tall and almost 2 feet 
deep, but each 144-pound speaker 
packs a mean punch. Each one comes 
loaded with two 7-inch subwoofers, 
a 5-inch midrange driver, and a 
1-inch synthetic diamond tweeter that 
makes every sound crystal-clear. 
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Serious gamers are known to abuse 
their controllers. So Microsoft built 
the ultra-durable Xbox Elite Control- 
ler. It uses stainless-steel thumb- 
stick shafts that never wear out. Plus, 
it can be completely customized: The 
joysticks and directional pad can be 
changed for comfort, and four re- 
movable paddles on the rear can be 
programmed for more-efficient in- 
game maneuvering. Your Call of Duty 
enemies won’t know what hit them. 



The best house parties mean a lot of 
people posting updates to Twitter and 
uploading pictures. That can cause a 
traffic jam on your Wi-Fi. With Google 
OnHub, you can set one high-speed 5 
GHz network for just your devices, and 
a 2.4 GHz password-protected net- 
work for your Instagramming friends. 
It’s like having two digital highways 
running through your living room. 



There’s the big TV in the living room, The disparate worlds of streaming 

but what happens when you’re mak- and cable services are finally together 

ing wings in the backyard? The Sling- in one device. The Bolt lets you search 
box M2 lets you take the game to the every channel and video service to find 

grill, on an iPad in the basement, an- the exact show you’re looking for, and 

other TV in the bedroom, or even on skip commercials with a press of a 
■ your phone in the bathroom. button. Plus, it can record live TV. 



DomAin 
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The Platform 



DESIGNING THE 
ROBOT NEXT DOOR 




When NASA’s Sojourner rover landed on Mars in 1997, 
Cynthia Breazeal remembers thinking, "We can send robots 
to space, but we still don’t have ones that can ‘live’ beside 
us." What's up with that? She set out to find the answer, and in 
the process, pioneered the field of social robotics. This spring, 
Breazeal will begin shipping Jibo, the world’s first companion 
bot for the home, and the pinnacle of her 18-year endeavor. 
Breazeal recently spoke to Popular Science about how robots 
will become family members, guarding the home, and reading 
us bedtime stories. 



How did you get into robotics? 

The first time I reaLLy became aware of robots 
was when I saw Star Wars. I was 10 years 
old, and I was in the theater. Seeing R2-D2 
and C-3P0— that was reaLLy the moment. I 
just feLL in Love with them. 

It seems like we should have seen a 
companion robot by now. 

UntiL recently, roboticists haven’t been focused 
on building robots for nontechnical people. It’s 



almost Like when the computer industry was 
building reaLLy big, expensive computers that 
only experts could use. Eventually, people 
started thinking about putting a computer in 
every home so anyone could use it. It’s the 
same challenge, building a robot everyone 
can operate. 

How do you begin to solve that problem? 

In order to design robots that match 



people’s expectations, we must understand 
how people interact with new technology. 
We’ve Learned that our brains intuit robots as 
creatures. Now, we are exploring how people 
interact with autonomous robots. That’s social 
robotics— the field I’m credited for pioneering. 

How is Jibo different from other robots? 

The robotic products today are designed to do 
only one thing. For example, when you buy a 
Roomba, it’s a vacuum, and that’s all it does. 



We’ve positioned Jibo as a versatile companion, 
one that offers utility with the warmth of a 
meaningful interaction. 

What exactly can it do? 

Jibo is a platform. Developers can build 
applications using any of Jibo’s features, in- 
cluding voice-recognition software, cameras, 
and touchscreen. So Jibo can be a photog- 
rapher, it can help with home security, it can 



by 

LINDSEY 

KRATOCHWILL 



read stories to your children, it can be a Learn- 
ing companion for your children, it can help 
you maintain an exercise program. 

Why is this possible only now? 

Because of mobile devices: Processor speeds, 
networking speeds, battery life, display 
technology, sensing technology— all of these 
things continue to increase in capability 
while prices decrease. With that, things Like 
speech recognition, cloud computing, and 
machine learning have been maturing as well. 
These are all part of building a sophisticated 
social robot. 

Do our homes really need more gadgets? 

Jibo is a community experience. Jibo can Look 
at me and talk to me, and Look at my kids and 
talk to my kids. We can use Jibo together. 
We don’t have to feel Like there’s something 
competing for our focused attention the way 
a phone screen does. We can have a group 
dynamic, and you stiLL are engaged with the 
people around you. You’re not pushing people 
away, the way that our current devices do. It’s 
a very different experience. 

Do you see a Jibo in every home? 

Yeah, of course that’s the goal. In the same 
way that, back in the day, the goal of every PC 
business was to put a computer on every desk, 
our goal is to put a social robot in every home. 
And I think the way that our smartphones and 
Laptops are already ubiquitous, social robots 
are going to be ubiquitous soon. 



“Jibo is a comimiiiity experience. It can look 
at me and my Idds. We can use Jibo together. 
It’s not competing f()t our attention.” 



14 POPSCI.COM 



PHOTOGRAPH BY Morius Buggc 



JANUARY/FEBRUARY 2016 



Now 

Trending 



NORTH FACE SUMMIT L4 

North Face makes a Lot 
of great down jackets. 
This isn’t one of them. 

In this one, the company 
used springy polyester 
balls of synthetic 
insulation to mimic 
the shape of down. 

The balls trap heat 
like down plumes 
and feel nearly as 
plush. $299 




PATAGONIA FITZROY 
OOWNPARK 

This glossy jacket uses 
sustainably harvested 
down stuffed into a 
nylon shell with a 
water-repellent finish. 
Insulating fabric uses 
interlocking Y-shaped 
fibers to repel water 
better than straight 
threads. $449 



JACKETS THAT 
CAN WEATHER 
A STORM 



Nothing compares to goose down when it connes to 
keeping you warnn. The only problenn is when you wear 
down in the snow or rain (or sweat in it), it flattens into a 
soggy bag of feathers, Losing its ability to insulate. These 
five puffy jackets were designed to stay warnn no nnatter 
how dannp it is outside. Here’s how: 
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OUTDOOR RESEARCH 
DIODE HOODED JACKET 

A jacket’s hood, shoul- 
ders, forearms, and 
waist take the brunt of 
a storm. This one uses 
an artificial filling over 
those areas, so it won’t 
compress even when 
it's soaked through. 

The chest also uses a 
mix of 70 percent water- 
repellent down and 30 
percent artificial filling 
to trap in heat. $325 



BLACK DIAMOND HOT 
FORGE HYBRID HOODY 

Black Diamond used a 
clever mix of materials 
to keep this jacket fluffy 
and dry. It inserted 
plastic fibers into down 
clusters at the micro- 
scopic level, propping 
them open even when 
they're wet. There's no 
weight penalty for the 
mixed material either, 
so the jacket is always 
easy to stash. $249 



RAB ELECTRON 

Rather than mixing 
materials, Rab treated 
each down cluster 
with a water-repellent 
coating. The result is 
a down filling that’s 
able to maintain its 
fluffiness even in damp 
conditions. The coating 
also protects it from 
microbes that can break 
down the feathers over 
time and reduce your 
jacket’s useful Life. $325 
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SimpUSafe 

Get the Highest Caliber 
Home Protection Today 

Built by the leading engineers in the country with revolutionary wireless 
technology. Engineered to make your home feel like a fortress. 

SimpliSafe has no vulnerable landlines for burglars to cut. It sends 
emergency alerts up to ten times faster than traditional 
systems. Our professional monitoring was named 
best-in-industry by the CSAA for its industry- 
leading response time. 
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Tested 



I PLUNGED 
INTO 

FREEZING 

WATER 

—And Survived to TeU the TaLe 



When a ship sinks at sea and you're 
thrown into the water, hypothermia 
sets in quickly, so every second 
counts. An immersion suit is designed 
to buy you time. Constructed Like a 
surfer’s wetsuit, it keeps you warm 
for up to three to six hours, until help 
(hopefully) arrives. Smart sailors and 
fishermen carry them and, when on 
a boat, so should you: Even a plunge 
into 50-degree water will induce 
hypothermia within 60 minutes. 



But what if help is a Long time com- 
ing? The Steams 1950 ThermaShieLd 
24-1- bills itself as the most advanced 
immersion suit made, one that can ex- 
tend that crucial in-the-water survival 
window up to 24 hours, and keep you 
alive even in freezing (32T) water. How 
good is this suit? I couldn’t leap from 
an arctic charter to test its outermost 
limits at sea. But I was able to try it in 
northern Vermont, in early November, 
with snow falling, and the water in Lake 
Champlain hovering at that 50-degree 
mark. So here's what I did. 

I went down to the dock. Lifted 
the suit's neoprene one-piece over 
my body, and threw myself in. I 
immediately bobbed to the surface and 
floated. The suit has enough buoyancy 
to support 330 pounds. (Let's just 
say I'm about a third of that.) A large 
air pillow O on the rear of the suit 
naturally oriented me to float on my 
back. Breathing into a valve on the right 
shoulder O fiffs the air pillow. Breath- 
ing into a valve on the left shoulder 
circulates warm breath around the 
core O (to protect vital organs), and 
then arms, hands, feet, and legs. 

The hood blocks sound, O so I 
couldn't do much but look at the clouds. 
More tube breathing made me warmer 



STEARNS 1950 
THERMASHIELD 
Z4+ IMMERSION 
SUIT 

$ 1,500 



In addition to staving off hypothermia, the 
suit is fire-resistant. Thankfully, our reporter 
didn't have to dodge any flaming wreckage. 



and more buoyant. My fingers got wet 
because I didn't cinch the suit's wrist 
straps. O Those fingers got cold fast. 
But the suit's designers foresaw this 
problem: Jam your hands in the hand 
warmer O sewn onto the stomach, 
then back into the gloves, and they stay 
as warm as need be. 

I floated Like that for an hour, 
just Long enough to (theoretically) 
get hypothermia. But I was fine. I 
had, however, floated several yards 
from shore, and swimming back was 
awkward: I managed a floundering 
backstroke back to the dock. While I 
am sure I could have floated all night, 
I'm glad I didn't have to. 
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THE 



Great 

Courses- 




Therapy: Techniques 
for Rerraining Ynur Brain 



I 



Prt^Kir Jnofi N Stetfrfhrtij 




2^5 



Conquer Your Bad 
Thoughts and Habits 

Why is it so hard to lose weight, stop smoking, or establish healthy habits? 
Why do couples argue about the same issues over and over? Why do so 
many people lie awake at night, stricken with worry and anxiety? 

The answers to these questions — and the path to lasting change in your 
life — lie in cognitive behavioral therapy (CBT). Developed on a proven 
foundation of neurological and behavioral research, CBT is a well-tested 
collection of practical techniques for managing goal-oriented change. 
Build a toolkit of CBT techniques as you to take on the role of medical 
student, physician, psychologist, and patient, and learn how to create 
lasting change in your life. 

Offer expires 02/20/16 

TheGreatCourses.com/6ps 

1-800-832-2412 



Cognitive Behavioral 
Therapy: Techniques for 
Retraining Your Brain 

Taught by Professor Jason M. Satterfield 

UNIVERSITY OF CALIFORNIA, SAN FRANCISCO 
LECTURE TITLES 

1. Cognitive Behavioral Foundations 

2. Quantified Self-Assessment for Therapy 

3. Setting Therapeutic Goals 

4. Third-Wave Cognitive Behavioral Therapy 

5. Stress and Coping 

6. Anxiety and Fear 

7. Treating Depression 

8. Anger and Rage 

9. Advanced Cognitive Behavioral Therapy 

10. Positive Psychology 

11. Healing Traumatic Injuries 

12. Forgiveness and Letting Go 

13. Digging Deep and Finding Meaning 

14. Cognitive Behavioral 
Therapy and Medicine 

15. Staying on the Wagon 

16. Thinking Healthy: Weight and Nutrition 

17. Behavioral Therapy for 
Chemical Addictions 

18. Getting a Good Night’s Sleep 

19. Mastering Chronic Pain 

20. Building and Deepening Relationships 

21. Constructive Conflict and Fighting Fair 

22. Thriving at Work through 
Behavioral Health 

23. Developing Emotional Flexibility 

24. Finding the Best Help 

Cognitive Behavioral Therapy: 

Techniques for Retraining Your Brain 
Course no. 9631 I 24 lectures (30 minutes/lecture) 

TsAVE up to $190 

DVD 5269^5 NOW $79.95 
CD NOW $59.95 

+$10 Shipping, Processing, and Lifetime Satisfaction Guarantee 

Priority Code: 121506 

For 25 years, The Great Courses has brought the 
world’s foremost educators to millions who want to 
go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Over 550 courses 
available at www.TheGreatCourses.com. 





Now 



JANUARY/FEBRUARY 2016 



Goods 



HIT 

LIST 



10 Great Ideas in Gear 



a. TELESIN 
UNDERWATER 
GOPRO DOME PORT 

Underwater photog- 
raphy is cool. Telesin 
makes it cooler. This 
GoPro case uses a 
dome made of acrylic to 
create space between 
your lens and the water 
—allowing for a more 
visible waterline when 
simultaneously shooting 
below and above sur- 
face level. $85 

Z AERELIGHTAl 

Fluorescent desk lamps 
are harsh on the eyes. 
This one uses organic 
light emitting diodes 
(OLED) to provide a 
warm glow. The lamp 
can be turned on and 
off with a tap anywhere 
on its body and offers 
three brightness levels. 
Qi inductive charging 
built into the base lets 
you easily charge some 
phones. $300 

3 RIF6 CUBE 
MOBILE PROJECTOR 

Cube isn’t much bigger 
than a smartphone. But 
the pocket projector 
produces a big picture. 
Its battery recharges 
over micro-USB, mean- 
ing one fewer cable to 
trip over during movie 
time. $300 

4 JAMSTIK+ 

The Jamstik teaches 
you to play guitar, and 
any song note by note, 
with a 16-inch-long gui- 
tar and 3 apps. Garage- 
Band pairing lets you 
record your creations. 
One step closer to rock- 
star status. $300 



by 

XAVIER 

HARDING 






[3 



5 EMBER SMART MUG 

Control your coffee's 
temperature using the 
dial on the mug's base 
or via smartphone 
app. An LED indicator 
near the bottom offers 
precise temperature 
readings for a drink 
that’s not too hot and 
not too cold— satisfying 
your inner Goldilocks. 
$129 

6 SATECHI USB 
TYPE-C 3-IN-l 
COMBO HUB 

If you’re photo or video 
editing on the go, you 
need this adapter. It 
turns one USB Type-C 
port into three USB 3.0 
ports, an SD-card slot, 
and a micro-SD-card 
slot. $35 

7 PAKPOD TRIPOD 

Outdoor gear needs 
to be durable. The 
weatherproof Pakpod 
gives photographers a 
stable yet rugged tripod 
for cameras. Stakes at 
the bottom make sure 
it stays put. $99 

8 ONEWHEEL 

Want to balance-board 
off-road? The all-terrain 
go-kart tire on this 
self-balancing electric 
vehicle lets you. It 
reaches 15 miles per 
hour, making it faster 
than most other electric 
balancing boards. 
$1,499 

9MOPHIESPACE 

PACK 

iPhone owners want 
more storage and a 
better battery. The 
Space Pack improves 
both. It adds 32GB, 
64GB, or 128GB of 
added space. Plus it 
roughly doubles your 
battery life. From $150 



a.O APPLE iPAD PRO 

Apple called on the king of 
all planets, Jupiter, when 
announcing its latest tablet. 

And rightfully so. At 12.9 inches, 
the iPad Pro is the biggest iPad 
yet. There’s enough room to 
edit 4K video and to work in 
AutoCAD, and with full support 
for the company’s Pencil stylus, 
Apple wants professionals to 
use this for their great creations 
on the go. From $800 
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PIXEL-PERFECTION 

A NEW BREED OF TELEVISION 

LG has created a brand new category of TV with the introduction of OLED and 
it's emissive technology, Organic Light Emitting Diodes. These organic substances 
are self lighting and glow when an electric current runs through them. This innovation 
allows for each sub pixel to be individually lit and turned off or on as needed 
to create an ideal viewing experience. 



-r— Tjr 



INTENSE BLACK LEVELS 

by individually lighting 
each pixel and being able 
to turn them off, OLED 
produces perfect black 
levels resulting in 
infinite contrast. 



PIXELS POWERED 
OEF CREATING 
PERFECT BLACK 




BRIGHT VIVID COLORS: 

colors are more brilliant against a perfect black background. 
Choose from Full HD or 4K screen resolutions. 



EXTREMELY WIDE VIEWING ANGLE: 

The exceptional picture quality holds up even from wide 
viewing angles, so don't be afraid to load up the couch. 



IMPOSSIBLY THIN DESIGN: 

OLED technology enables a design that is ultra-thin and light. It's 
supremely elegant, and as lovely on a tabletop as it is wall-mounted. 
Available in both flat and curved models. 



LG ObEDTV 

Experts Say It's The 

BEST. PICTURE. EVER. 



mDLEDisHere 
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Now 

Speed Lab 

Beneath the panel on the right 
side of the vehicle are two hidden 
brackets, so it’s easy to slot in a 

passenger seat. 

A MOTORCYCLE 
LIKE NO OTHE R 

HONDA 
PROJECT 2&4 





What happens when you 
combine a car and a motor- 
cycle? Honda decided to find 
out when it pitted more than 
80 of its brightest engineers 
against each other in its annual 
Global Design Project, an 
internal competition to foster 
exchanges among its global 
network of design studios. 

The rules of the contest were 
simple: Take a V-4 motorbike 
engine, and put it on four 
wheels. The goal was to build 



something fun and thrilling. 
Honda wanted engineers to 
combine the stability and 
handling of a racecar with 
the driving experience of a 
motorcycle— almost like a 
supercharged go-cart. 



The winner is this singLe-seat, bike-and- 
car hybrid called the Honda Project 2&4, 
designed by Martin Petersson fronn a Honda 
nnotorcycle R&D center in Asaka, Japan. 
The Project 2&4’s floating seat nneans 
drivers will feel the wind blowing across 
their body, while the nnotorcycle-grade 
suspension, engine, and featherweight 890 
pounds offer quick turns. Bonus: Because 
the steering wheel and pedals can easily be 
^-ftipped from one side to the other, drivers 
amurticftbe wortd can customize their 
expeftence'bft^ed on thejr track or country. 



Powered by a 212-horsepower 
Grand Prix motorcycle racing 
engine, the 2&4 was built for speed. 



ERIC 



ADAMS 
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COURTESY HONDA (3) 



INSET: THOMAS PAYNE 




TIPS FROM 
MARQUES 



LEARN FROM 
THE BEST 

“When I see a shot 
in a video or movie 
I like, I’ll Google it 
to find out what it 
is and how to do 
it. I watch a lot of 
YouTube tutorials. 
The more often 
I do it, the more 
steps I remem- 
ber — and the 
easier it gets.” 



SHOOT FOR 
THE EDITOR 

“At events I’ll make 
a list of everything 
I want to capture, 
shoot it, and then 
record audio 
back at my hotel 
since it’s a more 
controlled environ- 
ment. I film know- 
ing what type of 
effects I want to 
add afterward.” 



SPEAK TO WHAT 
YOU’VE FILMED 

“I have talking 
points to make 
sure I don’t forget 
anything import- 
ant. It’s more of a 
conversation than 
a script. If I fully 
scripted videos, I 
would never finish 
anything on time.” 
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4 ftED WEAPON 
DRAGON 

Red’s cameras aren’t 
cheap. But they offer 
user-upgradeable 
shooters that record 
in 6K— the highest 
resolution available. 
$59,500 



5 SIGMA 18-35MM 
F/1.8 LENS 

Sigma’s lenses are 
sharp. Crystal-clear 
capture with great low- 
light options. $799 



1 YAMAHA HS8 

Engineers trust Yama- 
ha’s studio monitors to 
deliver precise sound 
across all frequencies. 
Never underestimate 
good audio. $499 



6 SOUND DEVICES 
MIXPRE D-P48 

This battery-powered 
field mixer can be used 
as a preamp to add 
clarity when filming. Or 
afterward to dub over 
mistakes. $929 



2ASUSPA328Q 

This newer model 
of MKBHD’s monitor 
offers better ergonom- 
ics, a 4K pixel count, 
and precise color 
accuracy to easily spot 
errors. $1,299 



7SENNHEISER 

MKH416 

Cutting out ambient 
noise is key. This shot- 
gun mic picks up audio 
only where it’s aimed, 
so your viral video will 
sound just how you 
like. $1249 



3 APPLE MAC PRO 

YouTube supports up 
to 4K video, but Ap- 
ple’s tower PC has the 
horsepower for three 
5K screens at once. 
Hashtag futureproof. 



(featuring MKBHD) 



8 LOGITECH MX 
MASTER MOUSE 

The side wheel on this 
mouse lets you scroll 
horizontally as easily 
as vertically. Pair three 
devices at once, switch 
connections with a 
button press. $99 



A lot of 22-year-olds have opinions about gadgets. Not many 
have 3 million fans who will listen. Marques Brownlee— best 
known as MKBHD— is an Internet celebrity who’s attracted hordes 
to his YouTube channel since launching seven years ago. Brilliant 
and funny smartphone reviews, unboxings, and meditations on all 
things tech have set him apart as one of the most influential tech 
vloggers out there. Here, we unbox his tools of the trade. 



by 

XAVIER HARDING 



WANT MORE? Go to popsci.com/mkbhd for the full interview. 
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Something bizarre is happening to KIC 
8462852, a star located 1,480 light-years 
from Earth. Its glow dims significantly and 
at irregular intervals. The cause could be 
asymmetry in the star, or it could be the 
shadow of a family of comets, for example, 
or a megastructure built by an advanced 
civilization. SETI’s Allen Telescope Array 
recently searched the skies to no avail, so 
this spring, scientists plan to investigate 
using the Green Bank Telescope. It is 
^far more sensitive than the array and is 
equipped to scan 1.5 billion radio frequen- 
cies simultaneously. If the object is built, 
we might be able to detect radio signals, 
like those of earthly 
electronics, from its 
makers. Whatever 

by Green Bank reveals 

SARAH FECHT (we’re hoping aliens), it 

will be new to science. 
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Diameter, in 



Green Bank 



Telescope, 
the world’s 



largest fully 
steerable 



telescope 
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The Big Idea 



MIND 



ALTERING 



DRUGS 



MDMA releases 
neurotransmitters, 
such as serotonin 
and dopamine, 
in the brain. 



CURE 




PTSD 



During the course of 
a given year, approx- 
imately 5.2 million 
adults in the U.S. will 
experience PTSD. 



Wejilstneedto 
reunagine the trip 

—§ 




% 



Post-traumatic stress disorder in the U.S. 
has reached crisis Levels. About 8 percent of 
Annericans experience PTSD; for veterans, 
that nunnber is 30 percent. Treatnnent is 
notoriously difficult, but people could find 
relief in an unusual fornn: psychedelic drugs. 

MDMA— found in nnoLLy and ecstasy- 
earned a bad rap in the 1990s as ravers’ drug 
of choice. But psychotherapists are conning 
to value the way it increases ennpathy 
while decreasing fear and defensiveness. 
“MDMA gives people the ability to revisit 
an event that’s still painful without being 
overwheLnned,’’ says psychiatrist Michael 
Mithoefer. Following a recent MDMA trial, 

83 percent of his treatnnent-resistant partici- 
pants no Longer showed synnptonns of PTSD. 

In one study, Mithoefer worked with a New 
York City firefighter post-9/11. The subject 
had tried treatnnent before. While undergoing 
a popular nnethod that uses eye nnovennent to 
reprocess a traunna, he’d been so overconne 
that he ripped a sink off the wall. MDMA, 
however, worked. “It wasn’t easy for hinn," 
Mithoefer says. “But our sink is still attached." 

MDMA isn’t a one-trick pony either; it can 
treat end-of-Life anxiety and alcohoLisnn, and 
it’s not addictive. “We’re talking about the 
rise of a whole field of nnedicine,” says Rick 
DobLin, founder of the nonprofit Multidisci- 
plinary Association for Psychedelic Studies, 
which is running a handful of MDMA trials, 
including Mithoefer’s. DobLin thinks the FDA 
wiLL greenlight the drug 
for nnainstreann use by 
2021: “The psychedelic 
psychotherapist of 
the future will have a 
nnedicine bag filled with 
drugs Like MDMA.” 



by 

MATT GILES 
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SHUTTERSTOCK 



Know Better Sleep® 




Track and optimize your sleep with 
optional SleeplQ® technology 



Whether you prefer supreme softness or 
conforming comfort layers, the SLEEP NUMBER® 
bed is uniquely designed for a better night's 
sleep. At the simple touch of a button, DualAir™ 
technology allows you to find ideal comfort and 
support with exceptional pressure relief on each 
side— your SLEEP NUMBER® setting. 

Know. Adjust. Sleep. 

With optional SleeplQ® technology, the 
Sleep Number bed provides a simple and intuitive 
way to know more about your sleep. Using sensors 
inside the bed, SleeplQ® technology tracks your 



sleep and provides you with information that 
empowers you to achieve your best possible 
sleep, night after night. There's nothing to wear, 
nothing to turn on. All you have to do is sleep. 

Our Queen c2 mattress with SleeplQ® technology 
is only $1,099.98. 

Snoring? Now there's even an adjustment for that. 

Read, watch TV, surf the web and adjust your bed's 
firmness when you add a ElexEit™ adjustable base 
to your SLEEP NUMBER® mattress. Some even have 
a Snore feature that may temporarily relieve mild 
snoring in otherwise healthy adults. 



sleep e number. 

know better sleep* 



Call or Click for Your Free Catalog 

1.800.831.1211 (ext. 77653) • www.sleepnumber.com/popscijan16 



FlexTop® King c4 mattress shown on a FlexFit™ 3 adjustable base. Upholstered furniture sold separately. Prices subject to change without notice. Pictures may represent features and options available 
at additional cost. Not all bed models are displayed in all stores. Beds and bases not available for in-store pickup. Additional, non-refundable shipping and delivery fees apply unless otherwise stated. 
Shipping and delivery fees do not include return shipping. *May temporarily relieve common mild snoring in otherwise healthy adults. Available with Split King and FlexTop® King mattresses on FlexFit™ 2 and 3 
adjustable bases. SLEEP NUMBER, SELECT COMFORT, SLEEPIQandthe Double Arrow Design are registered trademarksof Select Comfort Corporation. ©2015 Select Comfort Corporation 







J “While shopping, my wife saw an 
expensive metal table she liked. I 

to make her one, but with my own design & style. Even^^^^^^^k 

with little metalworking experience, I imported my 

sketch and cut out the metal table - all in one piece 

and with no other materials. The table came out just 

how I imagined! Plus, several people want to buy my 

table design. Now I can make my ideas into unique & 

profitable projects using the PlasmaCAM®! ” 

-Dennis Cordova, Amateur Metalworker 



PO Box 19818 • Colorado City, CO 81019-0818 

(719) 676-2700 • www.plasmacam.com 



The PlastnaCAM* machine 
makes it easy for you to cut 
intricate metai projects. Call 
with this code DETHY for 
your free demo video to see 
what you can do with this 
amaziny machine! 



FROM TOP: OOURTESY MIT; GEORGE MIREGOURT/GORBIS 
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SOLAR 
PANELS 
FOR EVERY 
SCREEN 

Instead of searching 
for an outlet to keep 
your phone alive, 
what if all you needed 
was some sunshine? 
An MIT startup has 
created a transparent 
coating that trans- 
forms surfaces into 
solar panels, n.l. 



THE TRICK 

Typically solar panels soak up photons 
from the sun's rays and convert them 
into electricity. The panels tend to be 
dark, because the darker a material, 
the more visible light it absorbs. The 
idea of transparent panels would 
usually get dismissed because they 
don’t, by definition, absorb any visible 
light— it just passes right through them. 

THE TECH 

Ubiquitous Energy, a spinoff of MIT, 
has created a coating made of organic 
molecules that absorb the sun's ultra- 
violet and infrared rays. Since the light 
isn't in the visible range (for humans), 
the coating appears clear. The 
material doubles as a semiconductor: 
When photons hit the surface, they 
excite electrons that flow as an 
electrical current to power the device. 

THE TAKE-AWAY 

"You can put the coating on anything 
and turn it into an electrical source," 
says company founder Miles Barr— 
smartwatches, phones, windows, or 
even cars. When the tech is mature, 
Barr anticipates it will convert solar 
energy into electricity with 10 percent 
efficiency— two-thirds the industry 
average. Who doesn’t want an excuse 
to spend more time at the beach? 



One Giant Leap 



A Building 
That Eats smog 



A new construction material 
could make the concrete jungle 
function a bit more like a natural 
one. Palazzo Italia, which 
debuted at the 2015 World’s 
Fair in Milan, is the first building 
made of concrete that’s 
designed to clear the air. The 
facade, a mixture of cement 
and titanium dioxide, captures 
nitrogen-oxide pollution and 
converts it into a harmless salt 
that easily rinses off the walls 
when it rains. Palazzo Italia 
also consumes 40 percent less 
energy than a conventional 
building of its size 



zero air pollution. “We wanted 
the building to be an osmotic 
organism,” says lead architect 
Michele Mole— like a tree that 
breathes in carbon dioxide and 
exhales oxygen, nicole lou 



HO 



Energy, in 
kilowatts, 
generated by 
the building’s 
photovoltaic 
glass roof, 
enough to 
power nearly 
11,000 CFL 
lightbulbs 
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Let’s Talk 
About Love in 
theAppAge 

It still includes % B * 

*long walks on the beach 



( 

“I don’t think 
dating or sex 
is any different 
than it’s ever 
heen. It just 
happens 
to nave diis 
new interface.” 



Photograph by 

MARIUS 

BUGGE 



People today are busy. As a 
result, they’re staying single 
longer, and they're more and 
more connected to their 
devices. In some ways, tech- 
nology enhances human 
interaction.^ Smartphones 
and laptops have changed 
how we communicate with 
almost everyone: our moms, 
our cat-sitters, and even 
our best friends from grade 
school.^ They have certainly 
changed whom we have sex 
with and date.® 



"Technology mediates 
all of our relationships, 
operating through 
shared pictures, texts, 
even emojis." 



"We can now be social 
with screens in ways 
we never could before. 
But chatting online is 
a supplement, not a 
substitute, for meeting 
face to face. We mistake 
that at our peril.” 



"Snapchat has become 
an incredibly popular 
way to flirt. People feel 
they can communicate 
with images in ways 
they can't with words." 



4 

"Think of online dating 
sites as introduction 
services. The best way 
to use these technolo- 
gies is to let them make 
the person-to-person 
connection happen 
more quickly." 



"With traditional sites, 
like Match.com, dating 
can feel like a second 
job. Tinder, on the 
other hand, turns online 
dating into more of 
a game." 

6 

"The Internet has made 
people and ideas more 
disposable, whether 
romantic or any other 



GO BEHIND THE SCENES at popsci.com/dating 



The Conversation 



Christian Rudder, 

co-founder of 
OkCupid and author 
of Dataclysm 
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“Show me the liistoiy of any new coimmmication 
tedmolog)^, and I can find a hysterical article bemoaning 
die demise of aU fiitme relationships.” 
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Apps like Tinder connect 
people who otherwise might 
not have met.'* And they’re 
becoming more efficient at it 
all the time.® Apps curate our 
choices,® make it easier to ask 
out a stranger,^ and take a lot 
of the risk (and cold sweats) 
out of first dates(^When it 
comes down to it, though, 
online dating operates by the 
same social rules as dating in 
real life— and suffers from the 
same human flaws.® But data 
shows it works.“ 

As more matchmaking apps 
flood the market, entrepre- 
neurs will experiment 
with new algorithms and 
features. Some will flop.“ But 
the ones that succeed will 
help us forge connections in 
ways we’ve never imagined.^^ 



Eric Klinenberg, 

sociologist at New 
York University and 
co-author of Modern 
Romance with 
Aziz Ansari 



kind. But it has also 
brought more ideas to 
people's notice, so it 
kind of balances out.” 



"The world in general 
is not amenable to 
strangers meeting; 
that’s why there are 
bars. Online dating is 
the newest venue 
created to meet people.' 

8 

"You can online date 
from the privacy of 
your home. It's safer 
in some ways because 
you’re not three beers 
in when you're 
meeting someone." 



9 

"People are not good 
predictors of what they 
actually want. People 
have beliefs or biases 
that they're not aware 
of, that they don’t want 
to own up to.” 

10 

"Already a third of all 
marriages start online. 
And marriages take 
time. So imagine what 
that rate will be in 
three years." 

11 

"Dating will be 
photo-based until 
someone solves how 
to do video. But that 
content is way harder to 
moderate; Chatroulette 



to see expanded answers and outtakes from the photo shoot. . 




is the prime example. 
You can’t let users up- 
load videos of anything 
they want and hope for 
the best, because your 
site will fail." 



“Future apps will allow 
you to make an online 
connection to someone 
you're next to in real life 
but don't have a way to 
contact. Geospatial 
will be the main thing. 
Version 3.0? I think it’s 
going to be telepor- 
tation. I'm kidding. 

Oh man, if I knew the 
answer to that question, 
I’d quit my job and 
move to Silicon Valley." 
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Decoded 




Tadcling Brain 
Trauma Head-On 



by JOE DeLESSIO 



Legendary NFL Linebacker 
Junior Seau committed sui- 
cide in 2012, Less tfian ttiree 
years after fiis finaL game. 

An autopsy overseen by the 
NationaL Institutes of LHeaLth 
reveaLed that he'd had chronic 
traumatic encephaLopathy, 
or GTE— a degenerative brain 
disease that can resuLt from 
hits to the head and might 
cause depression, aggression, 
memory Loss, and dementia. 
High-profiLe cases Like Seau's 



have raised public awareness of GTE in the 
NFL in recent years. And rather than a rarity, 
researchers are concerned the disease nnight 
be nnore widespread than previously believed. 



Boston University’s GTE Genter has been 
analyzing the brains of deceased athletes and 
veterans since 2008; the condition has shown 
up in 175 of the 247 brains studied. Annong 
deceased NFL players, it’s 88 of 92. 



First found in boxers and called “punch- 
drunk syndrome," GTE now shows up in 
the brains of former NFL players too. 



Gurrently, the disease can’t be treated. In 
fact, doctors can’t even diagnose it when a 
person is alive. GTE can be found only during 
autopsies. But that nnight be about to change. 

“There’s trennendous optinnisnn that we 
can develop a way to identify this in living 
individuals,” says Ann McKee, director of 
neuropathology at the GTE Genter at Boston 
University. Sonne scientists are trying to find a 
GTE signature in blood, saliva, or spinal fluid. 
Others ainn to track down a nnisfolded protein 
called tau, which is known to aggregate in the 
brains of people with GTE. By developing a 
radiotracer than adheres to this abnornnal tau 
(and only this tau), researchers hope to be 
able to spot it in PET scans. 

A teann of researchers fronn Boston 
University and two local hospitals is testing a 
tracer called T807 in clinical trials backed, in 
part, by the Departnnent of Defense. They’re 
injecting it into fornner NFL players and 
expect results on its effectiveness within the 
next few years. This past April, a UGLA teann 
developed a technique using a tracer called 
FDDNP, though sonne researchers question 
whether it attaches exclusively to tau. 

“There’s been incredible growth in tau 
neuroinnaging, just in the past three years,” 
says Robert Stern, director of clinical 
research at Boston University’s GTE Genter. 

“Millions and 
nnillions of dollars 
are being poured 
into this gigantic 
area of research.” 

At this pace, sci- 
entists— including 
Stern and McKee— 
anticipate they could 
be diagnosing the condition in living brains 
within a decade. Researchers can then work 
on treatnnents to reduce tau or its effects 
on the central nervous systenn, putting the 
brakes on the disease before it’s too late. 



“There’s something about 
repetitive hits to the head that 
turns on diis disease.” 

-ROBERT STERN, DIRECTOR OF CLINICAL RESEARCH AT 
THE CTE CENTER AT BOSTON UNIVERSITY 



Insane Study 

Faster Food, 
Fewer Neurons 



Need another reason to avoid fast food? Australian scientists found that people with a 

diet of processed foods and sugary drinks tend to have a smaller hippocampus — a brain 

region involved in learning, memory and mood. “Unhealthy diets 

can create an environment that is toxic to the brain,” says neurosci- ^y 

entist Nicolas Cherbuin. So you might want to lay off the Big Macs. steph yin 
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BRYAN CHRISTIE DESIGN 






Affordable Hearing 
Aid Technology 
Only $ 299! 



Learn about our great digital 
technology at an affordable price. 



The All New HCX! 

^ Digital sound processing chip provides 
crystal clear sound and makes speech 
easier to understand without feedback 

Multiple memory programs adapt to 
most listening situations 

^ Nearly invisible thin tube design 

^ Helpful low battery warning so you are 
never caught unprepared 

^ Long lasting size 1 3 batteries 

✓ 1 0 bands of layered noise 
reduction helps to 
emphasize voices 

while balancing out - The 
background noise HCX™ 

100% Money 
Back Guarantee 



And CetFREB 
Supply 

Of Batteries* 



A) Microphone 

B) Volume Control Wheel 

C) Program Button 

D) Long Lasting Battery 

E) Digital Signal Processor 

F) Receiver (Speaker) 

G) Sound Tube 



Digital Hearing Aid Technology... For Only $299! 

All hearing aids work the same way. The microphone picks up the sound 
and sends an electrical signal to the digital signal processor. The digital 
signal processor is the"brains"ofthe hearing aid. It takes the sound it 
receives and adjusts the sound to amplify important speech sounds as well 
as filtering out unwanted noise. (To ensure the best in quality, our digital 
processor is designed and manufactured right here in the United States.) 
Once the processor has amplified the sound, it is passed to the receiver 
(also known as the speaker) which emits a corrected and amplified sound 
through the sound tube into your ear. 



★ Customer Reviews ★ 

"I will definitely recommend your 
company to my patients" - Dr. ArunP. 

"I just want to let you know how happy 
my husband and myself are with his 
new hearing aids!... - Monique S. 



Studies Show: Hearing Aids 
MAY HELP PREVENT DEMENTIA. 

A study by Dr. Frank Lin at John Hopkins 
University, found that adults with hearing 
loss are significantly more likely to develop 
dementia and at a faster rate. Fortunately, 
the use of hearing aids is an effective way 
to treat hearing loss and may help you 
maintain healthy mental activity. 
www.AdvancedHearing.com/Dementia 



Most importantly, your new HCX hearing aids work at a fraction of the cost 
of name-brand hearing aids. In addition to the technical components of 
the hearing aid, you also have a volume control that can be modified with 
a light touch of the finger. Your new hearing aids come with 3 different 
audio programs that help you listen in different sound environments. You 
will love the Open-fit design, that is so light you probably won't even feel 
that you are wearing your hearing aids - you'll just be hearing clearly! 

You can spend thousands for a high-end hearing aid or you can spend just 
$299 for a hearing aid that just plain works (only $279 each when you 
buy a pair). We are so sure you will love our product, that we offer a 1 00% 
Money Back Guarantee - Risk Free if you are not satisfied for any reason. 
It's time to get great digital technology at an affordable price! 

I BUY A PAIR SAVE $40! 

I 1-877-300-1721 

I Free 1 Year Supply Of Batteries! ^ 

' *Use Coupon Code When You Order: P61 

“ (Coupon Code & Price Valid For A Limited Time Only!) 




ST Advanced 
^ AffbnU)leHeanng 




us Company 

Owned And 
— -s Operated 



FDA 

REGISTERED 



Visit and Save: www.AdvancedHearmg.com/P61 
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Concepts & Prototypes 



The 

WuTship 
to End 
All Battles 



In 1906, the Royal Navy rendered all other 
battleships obsolete when it unveiled the 
HMS Dreadnought: a steann-powered fighting 
vessel with 12-inch guns and cennent- 
reinforced arnnor. This past sunnnner, British 
naval engineers revealed a vision of its 
successor, the Dreadnought 2050. 

The stealthy, sennisubnnersible ship is 
designed to nnove agilely around a battle zone 
and rennain flexible in any type of nnission, 
says Mark Steel, a nnanager of the Connbat 
Systenns Teann at BMT Defence Services, a 
naval design firnn involved in the project. 

The battleship could function with a crew 
as snnall as 50, as opposed to the usual 200. 
It would serve as a nnobile connnnand center, 
unleashing and directing arnnies of drones, 
nnissiles, and rovers. "Robotics allows us to 
operate the ship at range to keep people out 
of harnn’s way," Steel says. 



1 . 

MOON POOL 

The moon pool — a 
floodable dock area 
at the ship’s stern — 
would allow for the 
rapid deployment of 
unmanned under- 
water rovers or Royal 
Marine divers. 



by 

ADAM PIORE 
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2 

DRONE 

LAUNCHER 

An extendable flight 
deck and hangar 
would enable the 
launch of remotely 
piloted drones, many 
of which could be 
3-D-printed on board. 



TETHERED 

QUAD-COPTER 

Above the ship, a 
hovering quad-copter 
would provide 360- 
degree visibility. Its 
sensors could capture 
emissions at fre- 
quencies across the 
electromagnetic 
spectrum to detect 



enemy ships. A 
cryogenically cooled 
tether made of carbon 
nanotubes would 
transmit energy 
from the ship to keep 
it flying. Also, the 
quad-copter could be 
equipped with lasers 
that could take out 
close-range threats, 
such as enemy 
missiles, craft, or 
pirates that have 
slipped past the 
ship’s other defenses. 



SEE-THRCUGH 

STRENGTH 

The ship’s hulls 
would be made of 
ultra-strong acrylic 
coated in graphene 
(the material’s hydro- 
phobic properties cut 
down on drag). “Smart 



windows” would 
change to translu- 
cent when a certain 
amount of voltage is 
applied, allowing 
unobstructed views 
of close-in operations. 



nr\ 



5 . 

STEALTH 

PROPULSION 

To propel the ship, a 
fusion reactor (or, if 
that fails to materi- 
alize, highly efficient 
turbines) would drive 
silent electric motors. 
Dreadnought would 
also be the first 
surface fighting ship 
able to use ballast 
to lower parts of the 
ship below water, 
making it harder to 
detect with radar 
or infrared. 
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Subjective Measures 



Another Ferguson? 
Use data, not fierce. 



The deaths of Oscar Grant III, Eric Garner, Michael Brown, 
and scores of others at the hands of law enforcement over 
the past few years have shaken Americans' faith in their 
police departments. According to a 2014 Gallup poll, 

44 percent of Americans said they have only some or very 
little confidence in the police. It does not bode well for 
democracy when a population so widely distrusts those 
sworn to serve and protect it. 



So how did we get here and what can 
we do about it? Part of the answer has to 
do with law enforcement methods. For 
decades, police forces in many cities have 
relied on policies such as broken win- 
dows and stop-and-frisk. The idea was to 
crack down on minor offenses in order to 
discourage more serious crimes. But the 
decisions of where and when to implement 
these methods were based on an officer’s 

1,022 

Number of Americans killed by law 
enforcement in 2015 (as of November 17 ) 
as tracked by The Guardian 



by observations and 

MATT GILES hunches as much as 

(or some would argue 
more than) on hard 
data about previous 
crimes committed. 
Such policies— once 
highly praised— are 
now falling out of favor. Critics maintain 
that they drive officers to unfairly (and in 
most cases unwittingly) target minorities. 
Those biases, real and perceived, are the 
fulcrum of our national distrust. 

But a new model is emerging. Over the 
past two decades, the National Institute 
of Justice has awarded $24 million to 
organizations to map crime and develop 
so-called predictive policing: using data to 
determine where future crimes might occur 
and patrolling those areas proactively. 

One forerunner in this field is Hitachi 
Data Systems, which has developed a 
software system called Predictive Crime 
Analytics. In addition to crime and arrest 
reports, PCA can continuously comb 
license-plate scans, weather and traffic 



reports, security camera footage, and 
Twitter. It layers those data sets onto 
a digital map so officers can monitor 
patterns in real time. Instead of following 
a hunch on who looks suspicious, officers 
can rely on algorithms to anticipate and 
act on trends from the data. “PCA is 
anonymous,’’ says Mark Jules, who led 
the system’s development at Hitachi. 

“It shows you an area. It does not tell 
you to look for a person.” 

In theory, predictive policing could 
add more analytical oversight to old-school 
police work. It could also allow law en- 
forcement to monitor every part of a city in 
one fell swoop. But to realize those benefits, 
the data fed into the system needs to be 
neutral in the first place. “It is tempting to 
think that you put data into a system and out 
comes an unbiased analysis on other end,” 
says Rachel Levinson-Waldman, senior 
counsel at New York University’s Brennan 
Center for Justice. “But the data is coming 
from somewhere, and there is a concern 
these algorithmic models will re-create 
biased or racially disparate patterns.” 

That’s a valid concern, but the only way 
to know if data can enforce justice without 
reinforcing bias is to try. So try we must. 

Next year, a beta version of PCA will 
be launched in six yet-to-be-determined 
cities. (Washington D.C. is rumored to be 
one.) PCA can’t ensure that mistakes won’t 
still happen, but to those citizens who feel 
under siege it should come as some relief 
that local police (hopefully) will no longer 
target them unjustly. 
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Do You Suffer From: 



• Heel Pain 

• Joint Pain 

• Back or Knee Pain 

• Neuropathy 

• Plantar Fasciitis 

• Arthritis 



• Diabetes 

• Obesity 

• Achilles Tendinitis 

• Bunions 

• Hammertoe 

• Heel Spurs 



G-DEFY 

SUPER WALK 



Enjoy the benefits of exercise without 
harmful impact on your joints! 

‘-C ' . Boost energy 

' Combat health issues 

Increase mobility 

Relieve pain 



Absorbs 

Harmful 

Impact 





Returns 

Energy 





IvJMi j. 


IWIDTHI 


■ width 



AVAILABLE 




Super Walk 

Mtn Slw* 7,S tS 
■ Bl4dk^iiwrT&9004M3S 



Whether it’s health-related or 
caused by an injury, discomfort 
can occur in anyone at any age— 
and there’s no excuse to exercise 
less. In fact, being active with 
discomfort is the most natural 
way to keep your joints moving 
smoothly. Experience a better 
life with Gravity Defyer 
footwear— ease your discomfort 
and rediscover movement! The 
moment you put on a pair of 
Gravity Defyer shoes, you’ll get 
flashbacks of the days where 
nothing could stop you. 



Each Gravity Defyer shoe 
is exclusively designed 
with patented VersoShock® 
Technology, a system of springs 
that simultaneously work 
together to absorb harmful shock 
and return energy throughout the 
body. Get rid of that ‘T-can’t-do- 
anything-anymore” attitude and 
let Gravity Defyer give you the 
relief you need while boosting 
your endurance and confidence. 
Transform your life right now 
and invest in a pair of Gravity 
Defyer shoes today! 




S 129. 9 5 599 ®® 



$10 “* off 

” Your Order 

Free Exchanges • Easy Returns 

Promo Code: MC9AHB3 

gravity defyer 

COMFORT FOOTWCAR TeCHNOLOQV 



Don^t Forget 

to check out our other 
products to relieve 
discomfort: 




Men's Dress 




Women's Sandals G-Comfort Insoles 



Call 1(800) 429-0039 

GravityDefyer.com/MC9AH B3 
Gravity Defyer Corp. 

10643 Glenoaks Blvd. Pacoima, CA 91331 




VersoShock® U.S Patent #US8,555,526 B2. This product has not been evaluated by the FDA. Not intended to treat, cure or prevent any disease. Shoes 
must be returned within 30 days in like-new condition for full refund or exchange. Credit card authorization required. See website for complete details. 
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Time Machine 



Virtual Reality 
Gets Real 



by 

ALLISON WILLIAMS 

1962 



Time’s up, real world. The long-predicted virtual- 
reality boom has finally arrived. Now anyone with 
some cardboard and a few lenses can turn an iPhone 
into a passable VR headset. By 2020 , an estimated 
38 million more-sophisticated devices — such as the 
Oculus Rift, which hits shelves this year — will be out 
in the wild. Over the past five decades, VR has 
advanced from its science-fiction roots to a future 
that, well, sounds pretty sci-fi too. 
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Morton HeiLig— 
a cinematographer and 
the father of VR— patents 
the Sensorama Simulator. 

The refrigerator-size mini 
theater comes equipped with 
a vibrating seat and a 
wind machine to blast 
the viewer. 



Tom Furness 

of the U.S. Air 
Force builds the first 
immersive VR system, 

a virtual cockpit with a 
wide field of view, to 
improve cockpit 
design. 




Hollywood 
discovers VR. In 

The Lawnmower Man, VR 
causes a woman to go mad 
and a simpleton to become a 
genius. In Virtuosity, Denzel 
Washington enters VR to catch a 
killer. A critic blasts the latter 
as ‘‘numbingly frantic, in 
the manner of many 
videogames." 



The haptics 
problem— recreating 
touch and pressure in 
VR— could be solved by 

stimulating nerves with elec- 
trodes, building on research 
into muscle-propelled force 
feedback at the Flasso 
Plattner Institute. 



Facebook 
buys Oculus Rift 
for $2 billion. Mark 
Zuckerberg calls the 
display “one of the 
next most important 
computing plat- 
forms." 



In the 

wake of 9/11, 

VR-exposure therapy 
alleviates post-traumatic 
stress in civilians. Another 
program. Virtual Iraq, later 
treats veterans experiencing 
PTSD by helping them revisit the 
trauma. It incorporates virtual 
rocket-propelled grenades 
and Black Flawk heli- 
copters. 




Magic Leap 
hopes to master 
“mixed reality.” The VR 

startup's light-field 
displays could eventually 
enable viewers to interact 
with both the real world 
and a virtual object 
projected on it. 



To distract ' 
burn victims from the 
excruciating pain of wound 
care, an immersive VR ex- 
perience called Snow World 
helps patients focus instead 
on tossing virtual snow- 
balls at mammoths and 
penguins. 



Artificial 
intelligence and 
VR will dovetail, so 

people could develop 
bonds with virtual humans. 

At least that’s the speculation of 
Flunter Hoffman, lead designer 
of Snow World: “The brain 
is pretty open to buying 
into that." 
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COURTESY OCULUS RIFT 



COURTESY SUSTAIN/UNIVERSITY OF MIAMI 



Hurricane 
maBox — Just 
Add Water 



The tank and air duct 
house 37 permanent 
sensors. Dozens more 
can be added to collect 
different data sets. 



STORM 

INTENSITY 



The SUSTAIN lab 
re-creates historic 
storms and uses sen- 
sors to measure their 
wind velocity and wave 
dynamics. It can then 
alter them to model 
future storms and fine- 
tune forecasts and the 
resulting evacuation 
plans. “You’ll deal with 
a Category 4 storm a 
hell of a lot differently 
than you would a Cate- 
gory 1," Haus says. 



THE POWER OF 
SEA SPRAY 



Sea spray might 
actually fuel a storm. 
When it explodes off 
the ocean’s surface, 
sea spray evaporates 
and transfers heat 
from the water to the 
atmosphere. This 
could affect wind fric- ■ 
tion on the surface of 
the water, which might 
change a storm’s 
intensity; scientists 
don’t know. “It’s diffi- 
cult to measure spray, 
especially during a 
hurricane,” Haus says. 
Instead, SUSTAIN 
uses optical imaging 
to see how the spray 
interacts with wind 
gusts, which could 
improve hurricane- 
intensity forecasts. 



WANT TO SEE THE LAB IN ACTION? Go to popsci.com/stormlab. 



Next 



Extreme Lab 



New York City is now expected to experience a flood on par with 
that of Hurricane Sandy every 130 years. That’s up from once 
every 3,000 years. To better understand and prepare for these 
kinds of cataclysmic storms, the University of Miami just opened 
a $45 million lab, and at its heart sits a hurricane-simulator called 
SUSTAIN (SUrge-STructure-Atmosphere INteraction— a tortured 
acronym, to be sure). The 75-foot, 30,000-gallon acrylic tank can 
be filled with salt or fresh water. Using a 1,700-horsepower fan 
and a 12-paddle wave generator, scientists can stir up an infinite 
variety of waves. “We can create the 
equivalent of a hurricane with winds over 
200 miles per hour," says oceanographer 
Brian Haus, SUSTAIN’s director. “That's an i 
off-the-charts Category 5." matt GILES 








COASTAL 

STRUCTURES 



As sunset seekers buy 
up ever more high-risk 
coastal real estate, 
SUSTAIN plans to test 
how model houses 
and bridges will hold 
up in a storm. This will 
help civil engineers 
design structures that 
are both more resilient 
and economical. “Of 
course you can build a 
poured-concrete home 
with 4-foot-thick walls 
20 feet in the air,” Haus 
says, “but who can 
afford that?” 



OCEAN 

OYNAMICS 



In the lab, researchers 
also plan to track how 
carbon dioxide moves 
from the ocean to the 
atmosphere in order 
to improve climate 
models. Soon, the 
SUSTAIN team will 
launch 1,000 drifters— 
floating devices 
that gather data on 
currents as well as 
turbulence and wind- 
in the Gulf of Mexico. 
The goal is to see how 
oil moves on ocean 
surfaces so scientists 
can better predict the 
effects of future spills 
and clean them up. 
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Every year is a big one in science and technology. 
But 2016 will change the way we explore, connect, cure 
disease, and go to war. Here are the most influential ideas 
and extraordinary individuals poised to shape the year ahead. 



Mark Kelly (foreground) and his twin brother, Scott, talk every day, despite their 249-vertical-mile distance. 
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BIG IDEAS 
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When astronaut Mark Kelly 
says, "I've spent a lot of time 
on Earth," it's relative. He's 
been to the International 
Space Station four times 
for short missions. His twin 
brother, Scott, is about to 
wrap up a full year in space, 
the longest stint of any U.S. 
astronaut. To understand how 
life in space affects humans, 
scientists are investigating 
how the twins' bodies now 
differ— information that might 
influence the future of long- 
term space exploration. 



I ALWAYS THOUGHT scientists needed 
a large sample size. It turns out when you 
don’t have that opportunity a small sample 
can still lead to really useful science. In our 
case, it’s just one sample: Scott as subject, 
me as control. I’ve spent only 50-something 
days in space. When Scott gets back in 
March, I think he will have spent some- 
thing like 3 percent of his life there. 

I have, on multiple occasions now, given 
massive amounts of blood. I’ve also given 



saliva, stool, and urine samples — some- 
times 24 hours’ worth. And then, when 
I go to Houston every few months, I get 
MRIs of my brain and heart, and ultra- 
sounds of my cardiovascular system and 
optic nerve. They send the ultrasound ma- 
chine right into the goo on your eye. For 
some tests they put me in a 
contraption — a lower-body 
negative-pressure device — 
and have me take nitroglyc- 
erin. I don’t even know what 
experiment it’s for. 

Scott’s also drawing his 
own blood and sending it 
down to the ground for 
analysis. And there’s an ul- 
trasound machine aboard 
the space station. One of the 
researchers sent my broth- 
er an email that said they 
would have more scientific 
and medical information 
on Scott and me than on 
any other person, ever. The 
big question for us is, how 
much do we want to know? 

They’re looking at not only 
our genetic profile but also 



which genes have mutated. If a gene has 
turned on, then the risk for diseases like 
Alzheimer’s and cancer really goes up. 

I imagine that NASA is hoping to learn 
that space isn’t a big deal, that it doesn’t 
have that big of an impact on astronauts. 
That would be great. But I think the reality 
is that it does, and so we’re going to have to 
learn how to mitigate those effects. Maybe 
we shield crew members from radiation. 
Or maybe we could figure out a way to 
repair our genes. Think about the implica- 
tions for your average person on Earth. 

I applaud the enthusiasm of people who 
would sign up for a one-way trip to Mars, 
but they wildly underestimate the issues 
involved, not only to their physical but also 
to their mental health. Imagine if you were 
plopped down in a Winnebago in Death 
Valley, left there for the rest of your life, 
and had to put on a suit to go outside? The 
novelty would wear off. But I do think the 
first person to walk on Mars is alive today. 
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THERSE 
OF SUPER- 
MATERIALS 



ANEW 
WEAPON 
TO FIGHT 
SUPERBUGS 



ENGINEERS are taking materials 
into a whole new dimension: the 
second dimension. By transform- 
ing 3-D clumps of atoms into 2-D 
sheets, researchers are finding 
amazing untapped potential in 
ordinary-seeming elements. 

The 2-D revolution began 
more than a decade ago with the 
discovery of graphene, a mesh of 
carbon atoms linked together like 
the wires in a chain-link fence. It’s 
transparent but more than 200 
times stronger than steel, nearly 
impermeable, and an excellent 
conductor. Turning graphene into 
practical devices has been a chal- 
lenge, but teams are now closing 
in on a few: ultra-high-density 
computer flash memory, a broad- 
band radiation detector, and a tool 
for precision medical imaging. 

Other 2-D materials might 
prove even more impressive. Sci- 
entists have begun creating anal- 
ogous meshes of silicon (silicene), 
phosphorous (phosphorene), 
germanium (germanene), and tin 
(stanene). Silicon and phosphorus 
are particularly well-suited to 
making atomic-scale transistors 
that could lead to extremely fast, 
efficient, flexible electronics. 

The goal for 2016 is to mix and 
stack flat materials to combine 
their best qualities. A team at 
Lawrence Berkeley National Lab 
has started building 2-D sheets 
that function as a laser, with appli- 
cations that range from quantum 
computing to— ironically— 3-D 
displays. COREY S. POWELL 



IN 2015, scientists discovered the 
first new antibiotic in three de- 
cades. Called teixobactin, it works 
against several of the superbugs, 
such as MRSA, that today’s drugs 
seem powerless to wipe out. That’s 
a big win in an age of growing anti- 
biotic resistance. But perhaps even 
more pivotal is the tool that made 
its discovery possible. 

Antibiotics come from bacteria 
found in nature. Test more bacteria, 
and you can find more antibiotics. 
The challenge is this: 99 percent 
of the microbes on Earth can’t be 
cultured in a dish. To work around 
this problem, researchers at North- 
eastern University invented the 
iChip, which can grow microbes in 
a sample of soil or water from their 
natural environments. When the 
bacteria release antibiotics, scien- 
tists can isolate them for testing. 

The team has used the iChip to 
culture thousands of new bacteria, 
which have so far yielded 25 
antibiotics. According to Novo- 
Biotic Pharmaceuticals, a company 
co-founded by one of the research- 
ers, the first of those is roughly two 
years from clinical trials. “There’s 
still a lot of work to be done,” says 
Stuart Levy, director of the Center 
for Adaptation Genetics and Drug 
Resistance. “But because of this 
device, the door is open and a bright 
light is on.” ALEXANDRA OSSOLA 



HERE’S PERHAPS no more powerful force in nature 
than light. It influences everything from our cells to 
nil our mood and metabolism. Blue wavelengths cue 
the brain to produce cortisol to make us alert, while red 
wavelengths allow the production of melatonin to help us 
sleep— a cycle that once followed the sun and moon. The 
invention of the lightbulb (and smartphones) changed that. 
Engineers are now using lightbulbs to change it back. 

“The science has led us to understand that the light 
we’ve been using for the past 100 years has caused dam- 
age to us,” says Fred Maxik, founder of bulb-maker Lighting 
Science Group. When our circadian rhythms went rogue, it 
increased our risk of developing obesity, depression, and 
even cancer. That doesn’t have to be the case, Maxik says: 
“We have the ability to create lights that have purposes 
other than just illuminating our world.” 

Such bulbs have started to reach sockets. Last year, the 
Renton School District in Washington became the first to 
install tunable LEDs. They can be adjusted from red wave- 
lengths, to calm students after recess, to blue, to improve 
test-day concentration. The Seattle Mariners installed LEDs 
at Safeco Field that can make nighttime games seem more 
like day; the New York Yankees will follow suit in 2016. 

This year, NASA also plans to change the bulbs on the 
International Space Station, where the sun sets every 
90 minutes, and constant light makes astronauts chronic 
insomniacs. The new bulbs will subtly shift from blue wave- 
lengths during the workday to red when the crew needs to 
rest. LEDs like Lighting Science’s new Genesis Light, which 
hits shelves in January, will do the same thing for homes. 

“We have been in this era of efficiency,” says Michael 
Siminovitch, a University of California at Davis professor of 
lighting design. “Now what can we do with technology that 
actually does something for us?” REBECCA BOYLE 
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The Grammy-winning 
musician Imogen Heap has 
long used technology to 
interact with fans. Now she 
wants to use it to radically 
change the music industry. 
Heap envisions a platform, 
called Mycelia, that will use 
blockchains— the system 
that underpins Bitcoin— to 
create a transparent, decen- 
tralized database of music. 
It will cut out middlemen 
and enable artists and fol- 
lowers to connect directly. 



AS A MUSICIAN, I like to think the world 
revolves around me. For years I won- 
dered why it took so long for money to 
filter back to me, or why I didn’t know 
what the fine print of my record deals re- 
ally said. For the first time in my career, I 
am on my own — I am not signed to any 
record label or represented by any man- 
agement. Success has already opened a 
lot of doors for me, so I wanted to put my- 
self in the position of being a brand-new 



artist. I imagined, if I could design the 
music industry from scratch, knowing 
what I know, how would I do it? 

I realized that the architecture of the 
industry is built on an old paper system 
and defunct technology. We spend billions 
on accounting systems that 
no longer work. It doesn’t 
make any sense in this 
data-driven world, where 
we can access any type of 
information we want. There 
are now ways to connect 
data to payment instantly. 

At the moment, Myce- 
lia is just an idea; nothing 
has technically been built. 

But I think of it as a living 
organism — a system that 
breathes and responds to 
plays. The music would 
come from a portal, and 
listeners would get some 
kind of notification that it 
has been verified by the art- 
ists. Each artist would have 
a profile, and everything 



as told to 

MATT GILES 



connected to that song or album, like 
lyrics, photos, and who played which 
instruments, will act like a beacon of infor- 
mation: “Here I am! Come and get me!” 

The system will be fair and transparent. 
Because the artists have complete control, 
we will split the money with exactly who 
should be paid. And because everything is 
connected through blockchains, the trans- 
fer of money will be instantaneous. We can 
also decide whether we want to release our 
music for free, or what the subscription 
base should be, or whether to agree to a 
per-play model. It is liberating. 

My latest song, “Tiny Human,” has been a 
test case, and to be honest, money is coming 
in slowly. I’ve got an account and various 
cryptocurrency wallets, but there aren’t 
many adopters yet. What is really exciting, 
though, is the solidarity of building some- 
thing with other musicians. The idea hit a 
nerve, and I feel a responsibility to capture 
this energy and turn it into something. 



PHOTOGRAPH BY Louro Hart 
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A neuroscientist at Harvard 
Medical School, Beth Stevens 
knows how your brain is 
wired— quite literally. 
Because of her discovery 
that certain cells sculpt 
brain circuitry, making it 
more efficient, the Mac- 
Arthur Foundation awarded 
her a 2015 "genius grant." 
She suspects those cells, 
called microglia, have other 
secret abilities— and she 
plans to uncover them too. 




as told to 
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I’VE BEEN INTERESTED in glial cells— 
which make up more than half the cells 
of the brain — since I was a research assis- 
tant at the National Institutes of Health. 
Of the three types of glial cells, microglia 
are my favorite. There is so little known 
about them, which is crazy because they 
make up lO percent of our brains. 

For years, scientists essentially ignored 
microglia. One of the things they do is 
prune synapses. There are trillions of syn- 
apses in the brain, but initially you start 
with way more. Synapses that are firing 
a lot get strengthened, and those that 
are not firing very much get eliminated. 
Microglia are like the brain’s Pac Men — 



regulated garbage collectors that eat syn- 
apses that no longer function. 

We think certain disorders are the 
result of microglia pruning too much, or 
not enough. This has huge implications for 
diseases like autism, schizophrenia, and 
Alzheimer’s. If the microglia don’t prune 
properly, it can lead to faulty wiring. 

I think pruning is just the tip of the 
iceberg. We recently learned that micro- 
glia enter the brain during embryonic 
development — so early that they have to 
be doing other things. I have a hypothesis 
that they form synapses, and could be in- 
volved in helping to regulate the growth 
and development of newborn neurons. 



Because of the MacArthur, these cells 
now have a bit of limelight outside this 
field. Even my mom knows what microglia 
are now. The award also means the differ- 
ence between pursuing conservative proj- 
ects and projects that are 
still just ideas on a white- 
board. My lab plans to really 
dig in and test whether 
microglia play a key role 
in neurological diseases. 

I don’t believe there is a 
magic bullet for anything 
these days, but if you can 
understand what regulates 
microglia, I think you can 
slow the onset or progres- 
sion of these diseases. And 
if you can figure out how 
to manipulate microglia, 
you can develop a drug 
that could potentially treat 
them — which is a big deal. 
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I N AUGUST, STEWART RUSSELL, a computer scientist 
at University of California at Berkeley, authored an open 
letter calling for the ban of “lethal autonomous weap- 
ons.” To those outside the military-industrial complex, this 
could seem a bit premature, sort of like calling for a ban on 
Star Trek phasers or the Death Star. Reality says otherwise. 

Humans have a venerable tradition of automating 
warfare. Land mines are a kind of robot, though a very 
dumb one. Heat-seeking missiles are smarter, albeit not 
by a lot. “There’s a continuum,” Russell says, and we’re 
further along it than we realize. “If you wanted to produce 
something very effective, pretty reliable, and if it became 
a military priority— in 18 months you could mass-produce 
some kind of intelligent weapon.” Indeed autonomous 
killing machines already exist: The Super aEgis II, a South 
Korean-made weapons platform, can recognize humans 
and target them. (It will request permission from a living 
operator before making a shot with its .50 caliber gun, but 
that’s more a courtesy than a requirement.) 

Russell writes that “autonomous weapons will become 
the Kalashnikovs of tomorrow”— cheap and abundant. And 
that shifts the rules of war. “AI weapons could change the 
scale in which small groups of people can affect the rest 
of the world,” he says. “They can do the damage of nuclear 
weapons with less money and infrastructure.” 

Proponents of AI weapons point to some upsides: Robots 
going to war would mean fewer human casualties. But to 
the 20,000 people (the majority of whom are scientists) 
who signed the letter, the costs far outweigh the benefits. 
Later this year, Russell and others will push for legislative 
stopgaps and a change in international law, similar to 
those that prohibit biological weapons. Meetings are set at 
the United Nations and the World Economic Forum. Once 
killer AI is here, there’s no going back. RYAN BRADLEY 




5 . 

CRISPR 
REMAKES 
THE WORLD 

THE GENE-EDITING technique 
called CRISPR has the much- 
hyped potential to revolutionize 
medicine, deliver designer babies, 
and end global hunger. Developed 
from a mechanism found in bac- 
teria, CRISPR allows scientists to 
cut-and-paste DNA with unprece- 
dented precision. The researchers 
behind its discovery are favorites 
to win Nobel prizes in 2016. 

In the three years since 
CRISPR was introduced, it has 
been adopted by thousands of 
scientists worldwide. Already, 
they’ve used the technique to 
create hypermuscular beagles 
and pigs that can grow human 
organs for transplant. Innova- 
tions that used to take many years 
to realize can now be made in 
mere months. “The technology is 
pretty darn fast,” said Dan Voytas, 
a genetic engineer who has edited 
wheat to reduce gluten sensitivity. 
“In a year we can generate a 
plant from just an idea for one.” 

As a result, CRISPR-based 
startups are busily raising hun- 
dreds of millions of dollars. Patent 
applications that mention CRISPR 
have soared, from 43 in 2013 to 
292 last year. And while the first 
products— things like hornless 
dairy cows and hypoallergenic 
peanuts— are still a few years 
from market, this will be the year 
gene editing transforms life as we 
know it. MEGAN MOLTENI 



IT’S NOW EASIER to buy mari- 
juana in the U.S. for personal con- 
sumption than it is for scientists to 
procure it for research: 23 states 
and D.C. have legalized it (at least 
as medicine), and several others 
may have it on the ballot in 2016. 
Researchers hope the barriers to 
studying the plant will likewise 
crumble so they can finally probe 
its full therapeutic potential. 

Scientists have long known that 
marijuana can treat nausea and 
pain. But they only recently figured 
out why: Chemicals in marijuana 
called cannabinoids can activate 
receptors on brain cells, changing 
the messages they send to one 
another. While THC is the best- 
known cannabinoid, researchers 
suspect others might be useful in 
treating the symptoms of diseases 
such as cancer, fibromyalgia, 
epilepsy, and autism. 

So far, even in states where 
medical marijuana is legal, scien- 
tists have had to wait months or 
years for approvals from the Drug 
Enforcement Administration, Food 
and Drug Administration, and 
National Institute on Drug Abuse. 
In June, the White House took one 
step out of the complex process: 
They no longer need permission 
from the Public Health Service 
too. In November, Senator Bernie 
Sanders introduced a bill that 
would remove marijuana from the 
list of substances regulated by the 
DEA— a move that would take it 
out of the company of heroin and 
make it much easier for a lab to 
buy. ALEXANDRA OSSOLA 




MARIJUANA 
REACHES 
NEW HIGHS 
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YEAR OF THE 
ZEnABYTE 



BY THE END of 2016, Cisco 
estimates that Internet traffic 
will bypass 1 zettabyte. For 
those who think of storage in the 
relatable terms of a smartphone, 
a zettabyte is 1,000 exabytes, 
which translates into 1 trillion 
gigabytes— or roughly 300 trillion 
photos of your baby and dog. 

The profusion of data from 
phones, wearables, and the Inter- 
net of Things affords us new in- 
sights. But it also opens the door 
to hacking. “We never thought 
about the implications of all 
this additional data,” says Sarny 
Kamkar, an independent security 
researcher and hacker. “We’ve 
all become targets.” According to 
IDC, 90 percent of IT networks 
will have experienced a security 
breach by the end of this year. 

But as hacking grows, so 
too does cybersecurity. The 
research firm MarketsandMarkets 
estimates the email-encryption 
market will increase 23 percent 
annually until 2020. This past year, 
Gmail began developing warnings 
for messages that come through 
a non-encrypted connection, Net- 
flix decided to encrypt all its data, 
and the Electronic Frontier Foun- 
dation launched the Let’s Encrypt 
program, to transition the Web to 
the more-secure HTTPS protocol. 
While the extra protection won’t 
necessarily make us impervious to 
hacks, says Kamkar, “when it does 
happen, it won’t undermine your 
life like before.” matt GILES 







POLLUTION 
CAN BE 
INHERITEO 



MOST PEOPLE KNOW that an 
individual’s environment has clear 
health effects. Drink water laced 
with heavy metals, and you’re 
likely to get sick. What’s now 
becoming apparent is that those 
impacts could last for generations. 

A person’s genome controls 
development, function, and 
reproduction. In other words, just 
about everything. But the genome 
doesn’t act unchecked. It is sub- 
ject to the epigenome— chemical 
compounds that help determine 
how and when genes express. In 
2014, a group at the University 
of British Columbia reported that 
just two hours of exposure to die- 
sel fumes in a closed space could 
affect about 400 genes by altering 
the epigenome. And last year, 
researchers in North America and 
Europe published a number of pa- 
pers that indicated such changes 
could be inherited. 

“The field is exploding right 
now,” says Carrie Breton, who 
studies the effects of prenatal 
air-pollution exposure at the 
University of Southern California. 
Energized by new findings and 
the completion in February of the 
first full map of the human epi- 
genome— a 10-year, $240 million 
initiative— scientists are racing 
to understand how epigenetic 
changes can alter the likelihood 
of cancer, obesity, diabetes, and 
other diseases. “Can we se- 
quence the epigenome to look for 
environmental effects?” Breton 
asks. “Technologically, this is the 
next logical step.” CLAY risen 




WHEN NASA’S New Horizons probe skimmed past 
Pluto this past July— 50 years to the day after Mariner 
4 first snapped photos of Mars— humans completed re- 
connaissance of the solar system. We had sent probes 
past all nine planets (eight by today’s measure) and 
landed on every major type of object in the solar sys- 
tem: rocky planets, rocky moons, icy moons, asteroids, 
and comets. We have left behind the era of first Looks, 
and entered the age of true understanding. 

In that spirit, the next generation of planetary 
missions will Look past surface appearances. NASA's 
InSight probe, launching in March, will establish a 
seismic station on the Red Planet; it will sense 
marsquakes and use them to map the planet’s interior. 
A complementary European-Russian probe called 
ExoMars 2016, Lifting off almost simultaneously, will use 
a chemical sniffer to ferret out atmospheric methane 
from possible Martian microbes. Then in September, 
OSIRIS-REx will head to Bennu, the kind of carbon-rich 
asteroid that may have seeded ancient Life on Earth, to 
collect samples and bring them home for analysis. 

Equally notable is a move to open the solar system to 
all. The InSight probe will bring two miniature satellites, 
or CubeSats, that will go into orbit to create a dedicated 
Mars communications network. Student-built CubeSats 
are already widely deployed around Earth; if InSighVs 
work, expect the DIY movement to spread to other plan- 
ets. NASA’s Juno probe, which reaches Jupiter in July, 
has an even more populist mission. It carries a camera 
designed solely for students and citizen scientists— the 
first time an entire planet has been turned over to the 
public. In the words of NASA’s John Grunsfeld: “Five 
hundred years from now, we will Look back on this as 
the golden age of exploration.” corey s. powell 
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After stints running Google Books and heading 
up the team tasked with giving Mars rovers 
autonomy, James Crawford launched Orbital 
Insight— a startup that applies artificial intelli- 
gence and data analysis to satellite imagery. 



as told to 
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MOST PEOPLE KNOW that humans 
can’t see really small things. That’s why 
we invented the microscope. On the flip 
side, humans also struggle to see really 
big things. If you want to view the whole 
Earth, for example, you have to look from 
space and you lose a lot of detail. Every 
pixel your eye sees is 10,000 square miles. 
Using artificial intelligence and cloud 
computing, we can simultaneously see 
the whole Earth and see the detail. We 
can look at trillions of features within 
millions of satellite images all at once. 
We call this a macroscope. 

Our machine-vision algorithms allow 
a computer to identify an object as a car 
or a truck, a house or a building, and so 
on. Once we have that data, we try to pull 
meaning from it, whether that’s a predic- 
tion of crop yields or how much oil will 
soon enter the marketplace. The question 
then becomes, what does this enable us to 
do that was previously impossible? 



One cool example is a project we’re do- 
ing with the World Resources Institute. 
WRI already uses satellite imagery to 
spot deforestation. But what you want 
to know is which forest will be cut down 
next, because then you can do something 
about it. We will be able to detect the road 
building, the initial thinning, and the oth- 
er preparations that go on in advance of 
major deforestation events. 

Governments could also benefit from 
our technology. There’s evidence, for in- 
stance, that the Arab Spring was partially 
triggered by a doubling in the price of 
wheat in the Middle East, due to droughts 
in Ukraine and other countries that 
weren’t being well-tracked. Imagine if we 
could track food security in real time. 

I just think back to the microscope. It 
led to a revolution in biology and changed 
our understanding of the world. The 
macroscope, we believe, could lead to a 
revolution of its own. 




INTERNET FOR 
EVERYONE 



BY THE END of 2016, Face- 
book plans to Launch its own 
satellite. The AMOS-6— built 
and deployed with French 
firm Eutelsat— will provide 
Internet access to millions in 
sub-Saharan Africa, where in 
several countries fewer than 
2 percent of the population is 
online. Also this year, Google 
will begin testing balloon- 
powered Internet service in 
Indonesia, whose more than 
17,000 islands stand in the way 
of nationwide infrastructure. 

“The easy-to-reach pop- 
ulations have already been 
reached," says Joshua Meltzer, 
a senior fellow at the Brookings 
Institution who has studied 
the Internet’s impact on poor 
countries. Smartphones and 
Internet cafes have proliferated 
in places with cell towers and 
stable grids. “But there are still 
4 billion people who don't have 
Internet access," Meltzer says. 
“And they are increasingly in 
the developing world." 

The benefits of access 
go beyond posting cat pics. 
Individuals can transfer funds 
without a bank account, and 
local businesses can plug into 
the global economy. For that 
reason, the State Department’s 
Global Connect initiative, which 
kicks off this year, hopes to ex- 
ert diplomatic pressure to bring 
the Internet to 1.5 billion people 
by 2020. As Mark Zuckerberg 
told the United Nations this fall, 
“Internet access needs to be 
treated as an important enabler 
of human rights." ERIK so FGE 
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THE NEW F-35 FIGHTER JET IS SO SOPHISTICATED, 

SO AUTOMATED, SO CONNECTED, IT’S FUELING A DEBATE: 
DO PILOTS STILL NEED TO FLY? 

BY KEVIN GRAY PHOTOGRAPHY BY SPENCER LOWELL 
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THE LAST FIGHTER PILOT 



A DUSTY TARMAC, about 20 
miles from downtown Phoenix, 
Capt. Joseph Stenger stands in 109- 
degree heat, barely sweating. A 32- 
year-old fighter pilot with the 
slicked-back hair, steady eyes, 
and ropey forearms you see on 
movie posters, he is admiring an 
equally impressive piece of flying machinery: the F-35 Light- 
ning II fighter. In his green flight suit, and standing a little 
over 6 feet tall, Stenger is nearly face to snout with this men- 
acing jet. It’s his job to figure out what it can do in combat, 
and to teach that to hundreds of other fighter pilots. 

The F-35 started arriving here at Luke Air Force Base this 
past winter. It is the most sophisticated fighter ever built. It is 
stealth, so it can appear the size of a golf ball to enemy radar, 
if it’s detected at all. It can also jam enemy radar— or make it 
seem there are 100 golf-ball-size targets in the sky. It can travel 
at Mach 1.6. It carries a 25 mm cannon, air-to-air missiles, 
two 2,000-pound guided bombs, and four external laser- 
guided bombs. But what truly sets it apart is its brain, 8 mil- 
lion lines of software code— more than any fighter in history 
—fusing navigation, communication, and targeting systems. 

Stenger explains it like this: In older jets, he has to man- 
ually operate things like radar (pointing it at the ground to 
search for missiles shot at him, or at the sky, to look for 
enemy planes). He has to monitor a high-speed data link 
for plane-to-plane communications a nd texts from ground 
troops. He or his back-seat weapons guy must pick through 
data before locking on a target and firing. “You can imagine 
that’s pretty time consuming and requires 
a lot of cognitive processing,” Stenger says. 

The single-seat F-35 does much of this 
for him, by fusing and automating dozens of 
sensors. So, for instance, if his heat sensor 
picks up an enemy missile headed his way, a 
chime will sound, “like a doorbell” he says, 
and a computer voice will say, “Missile left, 
nine o’clock.” When Stenger looks there, 
a green circle pops up on his helmet’s face 
shield, pinpointing the missile’s site, along 
with its speed and time to impact. Just by 
looking at the circle Stenger can aim his 
weapon and fire at the enemy, then outrun the missile. Six 
external cameras also capture a 360-degree view outside 
the jet and feed it to his face shield. If Stenger loo^s ^wn 
he can see through the cockpit floor to the ground. 

Lockheed Martin, the defense contractor that makes 
the F-35, will deliver thousands of these jets over the next 
few decades to the U.S. Navy, Marines, and Air Force. 
The USAF will take 1,763, and Stenger will help train the 
aspiring F-35 pilots set to come through Luke’s sand-colored 
gates. With more than 200 flight hours in the F-35 so far, 
he knows it as well as any Air Force pilot here. When he’s 
not on the flight line, he spends days in classified briefing 



“IF ANOTHER 
MANNED FIGHTER 
COMES UP, GREAT. 

IF NOT, THAT STINKS 
FOR THE NEXT 
GENERATION.” 

-AIR FORCE CAPTAIN 
JOSEPH STENGER 




rooms, reading tactical manuals on the F-35’s capabilities. 
He can tick off the jet’s attributes like a new crush. Stenger 
and most others in the military see the plane as the key to 
America’s continued air superiority, and yet it could also 
spell the beginning of the end for an iconic American pro- 
fession. The F-35 is so high-tech, so automated, so smart, 
so connected, that in May, the secretary of the Navy, Ray 
Mabus, declared: The F-35 “should be, and almost certainly 
will be, the last manned strike fighter aircraft the Depart- 
ment of the Navy will ever buy or fly.” 

To Mabus and others, the job of a fighter pilot has 
changed over the years. No longer do pilots sneak up on 
each other’s tails, train their crosshairs, and fire. They glean 
information from screens that look like iPads or from helmet 
displays. Electronic sensors, networked warfare, and air-to- 
air radar-guided missiles can take down enemy fighters from 
100 miles away. Most of the time, pilots in a conflict never 
see one another at all. If that’s the case, many argue, why 
not have pilots on the ground— scanning the same screens 
and pushing the same buttons— out of harm’s way? 

Stenger has considered this question before. As a pilot in 
Afghanistan, he flew more than 330 combat hours, doing 
things like blowing up Taliban fighters and safe houses, tak- 
ing out missiles launchers, and providing cover for coalition 
forces. And yet, in his nine years in the Air Force, he’s never 
been in a dogfight or even encountered an enemy fighter— or 
any sort of enemy aircraft. When faced with the argument 
for u nmanned fighter jets, he takes a philosophical line. “I 
wouldn’t offer up a conjecture because I’m a captain, and 
my job is to fly the F-35,” he says. “And that’s what Fm 
going to do. If another manned fighter comes up, great. If 
not, well that kind of stinks for the next generation because 
they’ll never get to know what being a fighter pilot is like.” 



LUKE IS TYPICALLY a busy Air Eorce base. Every 15 
minutes, the desert air rumbles with the sound of jets taking 
off and landing. Eor the past 32 years, it has served as a major 
training base for the E-16 Eighting Ealcons that sit in endless 
rows beneath sun canopies on the flight line. Those planes will 
be phased out as the E-35s arrive and squeeze them for space. 

During flight training, Stenger’s students learn many 
skills, and dogfighting is still among them. With 1.7 million 
acres of Sonoran Desert and 57,000 cubic miles of airspace 
atliis disposal, Stenger can orchestrate the kind of tactical 
dogfight scenarios seen in Top Gun. “We can set up 100 
miles apart for air-to-air combat training,” says Stenger, 
seated in a bare second-floor office, which he moved into in 
July. In training, Stenger would pit two of his E-35 students 
against four E-16s fighter pilots. (This is the same class of 
fighter jet that Russia and China possess, and the type that 
could face off against the E-35.) “You employ the tactics 
you were taught, and you will kill them before they ever see 
you,” Stenger says, “well beyond visual range.” 



54 P0PSCi.coM 





'■Ilj 


HP ' JH 

P- jH 




■H^ L 


^>|i 


iR IHIIIKMiR 


ElVfc--' H 


^^■T^P-'t. 





THE LAST FIGHTER PILOT 




That phrase is crucial to the argument for unmanned 
fighter jets. Nearly every air-to-air engagement on the plan- 
et has been well beyond visual range since the early 1990s. 
That’s around the time modern militaries began relying on 
networked warfare: A system that combines GPS satellite 
locators, infrared radar, secure data links for ground and 
air-to-air communication, surveillance aircraft like Boeing’s 
E-3 Sentry, and, of course, radar-guided air-to-air missiles. 

As networked warfare has risen, incidents of aerial com- 
bat have decreased. Since 1990, only 54 fighter jets have 
been shot down globally, says John Stillion, a senior fellow 
at the Center for Strategic and Budgetary Assessments, and 
a former Air Force officer, who put together a database on 
all confirmed aerial victories between 1965 to 2013. 

Of course, geopolitics can partially explain that trend. 
Few nation states with fighter jets have been warring with 
each other in that period. But Stillion argues that technolo- 
gy is driving change as well. The increase in sensor-driven 
flying and beyond-visual-range shooting, he says, has ren- 
dered a jet’s traditional strengths— things like high speeds, 
acceleration, and maneuverability— less important than 
they once were. What matters most now, he argues in a 
recent paper, “Trends in Air-to-Air Combat: Implications for 



Future Air Superiority,” are sensors, powerful and long-range 
weapons, aircraft flight range, and network connectivity. 

“Those are things normally associated with long-range 
bombers,” Stillion says. “So maybe our future fighter jets 
resemble unmanned long-range strike platforms.” 

It’s an interesting position, and one that makes both 
technical and fiscal sense. Drones can pretty much do— and 
in some ways do better— everything a manned fighter jet 
can. They can stay aloft 24 hours at a time, while manned 
fighters are limited to the amount of time a pilot can stay in 
a cramped cockpit seat, several hours at best. In addition, 
drones don’t need to be trained and retrained, as pilots do. 
And ending that practice could save a lot of money. 

The cost of training can be staggering: The Air Force 
spends $14,183 an hour to fly a single F-35A, according 
to the 2015 Department of Defense Budget. That’s just in 
peacetime training. Budgeting 13 hours of crew time per 
month, that equals $2.2 million a year, for one crew’s train- 
ing. When its F-35 training program is fully running in a 
few years, Luke will have 144 of those planes. Fach squad 
on the base will be made up of 24 aircraft with several hun- 
dred support personnel. When you do the math, people are 
expensive and impractical. 
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THOUGH MANY AGREE that the role of 
fighter jets, and therein fighter pilots, will 
change in the future, how that will play out is 
up for debate. Stillion argues that the next-gen- 
eration fighter jet should more closely res emble 
long-range strike bombers. Those planes are 
bigger than fighters, by far. They could carry a 
crew— one even big enough to swap out shifts— 
but they wouldn’t have fighter pilots, per se. 
Instead, the bomber would be equippecfwith 
long-range missiles and a complement of four 
drones, each of which would have its own ad- 
vanced radar and medium-range missiles? 

In a future dogfight against nations like Chi- 
na or Russia, Stillion envisions those drones 
flying in a picket line deep into enemy territo- 
ry, and acting as lookouts. The bomber would 
follow about 100 miles behind them. The'crew 
would control the drones and use them to dou- 
ble the bomber’s sensor-detection range. As 
Stillion depicts it, in a duel against eight fighter 
aircraft. At that point, the bomber team would 
fire long range missiles (good for about 250 
miles), taking out up to six enemy jets at once. 

Stillion is not alone in reimagining aerial 
combat. Lockheed Martin’s experimental 
Skunk Works site in California has dozens 
of technicians combining unmanned systems 
with artificial intelligence. Its secret Minion 
project is developing a reconnaissance drone, 
like Stillion’ s advance drones, that would also jam enemy 
radar, drop GPS-guided bombs, and shoot a high-powered 
microwave to disable electronics. “You could project for- 
ward to where there is a time when you can replace human 
cognitive capability with artificial intelligence,” says Bob 
Ruszkowski, director of advanced air dominance and un- 
manned systems at Skunk Works. But he also believes that 
there will always be a need for “a mixture of manned and 
unmanned working together.” 

Northrup Grumman’s engineers are focused on the 
problem too. Its experimental X-47B unmanned combat 
jet has already made successful takeoffs and landings from 
an aircraft carrier (as well as made midair refuelings). The 
company believes a dogfighting drone is just years away. 

What might slow progress are the ethical questions that 
arise when speaking about drone fighter jets. “Sometimes war 
is about breaking things, and sometimes it really is about kill- 
ing people,” says Heather Penney, an Air National Guard F-16 
fighter pilot who deployed twice to Iraq. “Even with remotely 
piloted aircraft, there are still humans in the loop. Regardless of 
howgood Sirimightbecome onyourphone, I don’tthinkwe as a 
society will ever get to the point where we trust weapons plat- 
forms to make autonomous decisions about life and death.” 



Penney knows that work well. On the morning of 
September 11, 2001, as a rookie in the D.C. Air National 
Guard, and its first female fighter pilot, she found herself at 
Andrews Air Force Base taking off in an F-16. Her orders 
that day: Bring down United Airlines Flight 93, packed with 
passengers— and hijackers— headed for the nation’s capital. 
She h ad no amm unition. Rather, she was tasked with a 
suicide mission: Ram the plane if need be. The passengers 
ended up taking down the flight themselves. 

Penney, who works as director of USAF Air 
Superiority Systems at Lockheed, personally 
believes Stillion’s concept makes a lot of sense. 
“But (there are a lot of technological what-ifs 
that go along with it,” she says. Among the 
biggest is the development of directed-energy 
weapons— lasers that will travel at the speed of 
light to take out aircraft and destroy network 
data|iinks and communications. Every major 
nation— the U.S., China, Russia, most of the 
European countries— are pursuing them. 

So if most of your air force is made of 
drones, and they rely on data links, and if the 
enemy can fry those links with an electric pulse, then your 
drone says, “‘I’m not talking to my pilot anymore; I’m going 
lo^Tiome because that’s what I’m programmed to do,”’ 
Penney says. “Then the bad guy doesn’t even need to shoot 
it down. The effect is the same. They’ve won the air space.” 



INSIDE THE F-35 HELMET 



THE GEN III HELMET, BY CONTRACTOR ROCKWELL 
COLLINS, OFFERS SEVERAL NEW FEATURES. 



“WE WILL NEVER 
TRUST A WEAPONS 
PLATFORM TO 
MAKE LIFE AND 
DEATH DECISIONS." 

-HEATHER PENNEY, AIR 
NATIONAL GUARD 



® Six external 
cameras feed 
video to the face 
shield, allowing 
pilots to see 
through the jet. 

M A cueing system 
lets pilots aim 
weapons with 
their eyes. 

I Built-in night 
vision allows fqr 
seeing in the dark 
■ A missile- 
warning system 
scans ground and 
air, alerting pilots 
to threats. 
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THE LAST FIGHTER PILOT 



Actual pilots, on the other hand, will work toward a mission 
objective even as the battle space degrades, Penney says. 
“They can sit gracefully operating, with manner and intent, 
and to the best of their ability.” 

Penney also believes that only humans, not drones, ean 
best figure out how to get in the enemy’s head and mess 
with it in a way that cripples him. “Your job is to create 
confusion in the enemy,” Penney says, “get in his line so you 
are making better decisions faster than he is, causing him to 
make mistake after mistake.” For that, she says, nothing ean 
touch human cognition. So far. 



FOLLOWING MY TOUR with Stenger, just as the Arizo- 
na sun is starting to bake Luke’s miles of tarmac, I head 
over to a freshly paved stretch of road in a far corner of the 
base. Things are quiet. There’s a rare three-day break in 
the flight schedule and the crews are taking advantage of 
the downtime. Despite the midday heat, teams of airmen 
play volleyball in a sand pit. Others sit on picnic tables, in 
the shade of pine trees, drinking Cokes and watching the 
games. The seene is so straight out of Top Gun that it con- 
jures a Kenny Loggins backing track (though the heavyset 
airmen have none of the moves of Maverick and Iceman). 

Nearby stands a two-story stucco building with a soaring 
atrium and a pitched roof that resemble jet wings. Reeently 
constructed, it looks like a Southwestern high school, but 
it is a $47 million training center. Inside it smells like new 
carpet and holds some 18 classrooms, a 240-seat auditori- 
um, a vast expanse of as-yet-to-be-used cubicles, and, tucked 
behind heavily guarded double security doors, space for 
12 brand-new, state-of-the-art, F-35 flight simulators that 
cost $23 million apiece. 

Lt. Colonel Rhett Hierlmeier heads up the center’s oper- 
ations. The 38-year-old pilot used to fly F-15C Eagles out of 
Okinawa, mostly around the Pacific and Guam and Japan, 
and later F-22s. Both planes are air-to-air fighters. “So over 
the past 10 years, there’s really not been much for us to 
do,” he says, sitting in a sparse second-floor office, over- 
looking dozens of empty cubicles. “The deployments were 
really about presence, show of force.” He notes that the 
last time a U.S. Air Force fighter pilot shot down an enemy 
plane was in the late ’90s, during the Balkan Wars. “With 
Iraq, those guys ended up burying their jets because of our 
superior presence,” he says. 

A former Air Foree Academy instruetor, Hierlmeier flew 
the F-35 for the first time three weeks earlier. His job here is 
to train up an instructor cadre who can then train hundreds 
of U.S. pilots, as well as pilots from eight coalition coun- 
tries that have signed on to the buy the F-35. They include 
Australia, Norway, Canada, Turkey, the Netherlands, and 
Denmark. The current class is small, including four Ameri- 
cans, three Norwegians, and one Italian, but it will grow to 
as many as 300 pilots each year. 




Air Force Capt. 
Joseph Stenger 

has 200-plus hours 
flying the F-35. 



Hierlmeier leads me through two locked doors and into 
a vertiginous hall that looks like something out of a Dr. 
Seuss book: Every 15 feet or so, asymmetrical arches painted 
in disorienting reds and gray, recede down the hall, flanked 
by blue police strobes. Hierlmeier is not sure why, but they 
seem meant to eonfuse intruders. Erom hidden speakers, a 
Thin Lizzy song overpowers our discussion: The drinks will 
flow and the blood will spill/and if the boys want to fight, 
you better let them. When I ask if it’s to amp up student 
pilots, Hierlmeier, who is serious, says: “No. There are a lot 
of classified conversations taking place behind these walls. 
It’s meant to cover them up.” 
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TM HOPING WE’LL 
SEE A DAY WHEN 
MAN IS NOT IN THE 
MACHINE, BUT HE 
IS IN THE LOOP." 

-AIR FORCE LT. COLONEL 
RHETT HIERLMEIER 



We stop at a double door the size of a loading dock. 
Hierlmeier opens it onto what looks like an amuse- 
ment-park ride. A white dome, 11 feet in diameter, sits 
in the middle of the room, surrounded by a massive steel 
frame and 25 high-definition projectors. A replica F-35 
cockpit sits on tracks that disappear into the dome. I ask if 
I can take a picture. No, says Hierlmeier. But he does invite 
me to sit in the cockpit, which I do. It’s like sitting in a low- 
riding Italian sports car. Before they ever get to fly an actual 
F-35, the student pilots must first spend a month in class 
practicing on computer monitors with joysticks. Then they 
do 30 hours inside these simulators, helmets on. Those 



Air Force Lt, 
Colonel Rhett 
Hierlmeier trains 
F-35 fighter pilots. 



helmets, made by defense contractor Rockwell Collins, are 
custom-built for each pilot and cost upwards of $400,000 
apiece. “It’s like wearing a laptop on your head,” Hierlmeier 
says of their computing power. 

The sims are the most advanced virtual-reality experi- 
ence on the planet. A pilot hops into the cockpit and rolls 
into the dome on the track. 
Clack. Clack. Clack. Once 
inside, the projectors shoot 
Google Earth-quality imag- 
es of clouds and shadow, 
mountain ranges rushing 
past, dusty neighborhoods 
30,000 feet below. There 
are (rural landing strips, 
enemy jets ahead, and mis- 
siles Jvhizzing your way. It’s 
an immersive 360-degree 
view— with sound effects. 
Like the F-35s themselves, the simulators are connected to 
a secure ground server and linked to each other. That way 
pilots can train together, in separate rooms, on tactical mis- 
sions. These sims will one day be linked to other fighter-jet 
simulators at Air Force training bases around the U.S. 

And that’s where it gets interesting. Hierlmeier is a stu- 
dent of technology, and grew up reading science fiction 
and watching Stars Wars. Standing outside the cockpit, he 
peers into the darkened dome, and says he believes we will 
one day fight our enemies from inside one of these things. 
When I ask what that will take, he says flatly, “Bandwidth.” 
Bandwidth is a big challenge to networked warfare. And 
flying a fighter drone from the ground requires sending and 
receiving massive amounts of data in real time. So engineers 
are focused on things like improving artificial intelligence so 
planes can act with more autonomy, thus cutting down on 
communication bandwidth. If we get machines to think for 
themselves, we can equip them with a mission objective, 
rules for engagement, battle scenarios, and then send them 
on their way. Only by solving the problems of AI and oper- 
ations autonomy, and onboard processing, says Ruszkows- 
ki, can we “reduce communications congestion and usage 
bandwidth.” Skunk Works has demonstrated that with au- 
tomated ground-collision avoidance and airborne-collision 
avoidance systems. If Ruszkowski and his team can extend 
those capabilities to next-gen stealth fighters, he says, it 
would go a long way to solving the problem: “We believe 
that’s the foundation for future military systems.” 

Hierlmeier, flanked by a pair of Lockheed Martin con- 
tractors and an Air Force PR person tapping her smart- 
phone, leans on the cockpit and considers that future. “I 
don’t want to be the horse cavalry guy at the start of World 
War I,” he says. “I’m hoping we’ll see a day when man is 
not in the machine, in the jet, but man is in the loop. We’ve 
got to embrace that. I see a day when you’re driving into 
this dome, and you’re fighting the fight from right here.” ^ ■ 
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by KASHMIR HILL 



THE NEXT TIME you puLLa 
tattered $5 bill out of your 
pocket to pay for a coffee, 
consider the fact that you’re 
handling one of society’s oldest 
and nnost innportant inventions: nnoney. 

Relatively soon after hunnans decided 
that we liked living in groups, instead of in 
panda-style isolation, we canne up with ways 
to value what we had— and nnake people pay 
for it. We bartered cattle and grain until the 
Lydians— the Bronze Age inhabitants of what 
is nnodern-day Turkey— realized those were 
hard to stuff into a wallet, and introduced 
governnnent-nninted coins. It turned out 
coins were still a pain to carry around, so 
eventually they evolved into the paper 
nnoney we all use today. 

But paper was still just a stand-in for nnetal: 
Sure, coins nnostly disappeared, but we were 
synnbolically carrying gold around in the 
pockets of our bell-bottonn jeans until 1971, 
when Richard Nixon took the U.S. off the gold 
standard. Divorced fronn the physical, nnoney 



THE 

OF 

MONl^Y 

CURRENCY HAS GONE FROM OOWS TO COINS TO 
PAPER TO PLASTIC. THE NEXT BIG DISRUPTION? 
WE COULD ALL BE SPENDING DIGITAL DOUGH. 



PHOTOGRAPHY BY TheVoorhes 
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FUTURE OF MONEY 



became a kind of belief system. It went from 
representing something precious and valuable 
to representing value in and of itself. Everyone 
agrees that if you walk into Starbucks with a 
$5 bill, you can walk out with a latte. 

Of course, rarely do any of us walk into 
Starbucks with a $5 bill anymore. We walk 
in with a credit card, or a Starbucks gift card, 
or with an Apple Pay app on our iPhone. And 
that’s another way money has changed. It’s 
become more and more abstracted. It’s 
numbers sitting in our bank accounts or on our 
credit-card statements. It’s a series of digital 
ledgers kept by banks, payment processors, 
and financial startups. The USA Network’s Mr. 
Robot imagines the fragility of that system. 
The plot follows hackers who planned to 
break into the servers of the country’s biggest 
lender and erase all the data— obliterating 
debt and ushering in a new anarchic, 
moneyless society. 

Money grows more complex by the day, 
particularly now that Silicon Valley has taken 
it up as one of its causes celebres. Startups 
offer dozens of schemes to disrupt it. Yet, 
Silicon Valley, which has changed the world 
in so many fundamental ways, hasn’t actually 
changed money that much; it’s just evolved 
how we spend it. Paypal, Square, Stripe, 
Venmo— they’re all apps built on top of the old 
technology that is money. Just as paper once 
required metal, most payment apps require a 
bank account or a credit card. 

The only true disruption to money that we’ve 
seen in the Internet age came not from a 
Palo Alto garage but a list-serv for tech-sawy 
libertarians. Bitcoin, which spun out of the 
mind of the pseudonymous engineer Satoshi 
Nakamoto in 2008, is a cryptographically 
maintained currency with value imbued by the 
computers of its users, not a government mint. 
Theoretically, it is far more secure than credit 
cards. If you used Bitcoin to buy something 
at Target, say, and Target later got hacked 
(possible, as we have learned), you’d suffer no 
consequences. It’s like programmable cash. 

But that’s not a concept most people 
can get their heads around, which has been 
Bitcoin’s great limitation. It might overcome 
that hurdle, or it might not. The only certainty 
is that money will keep evolving. If money 
represents value, and value is a reflection of 
our needs and desires, then money is simply a 
reflection of us. And it will continue to change 
as long as we do. 



PAYMENTS 
THEN AND NOW 



1861 

Confederate Dollar: If you’re going to 
secede, you need your own currency. 




2015 

Facebook Money: The 
social network announces 
credit-card integration, 
offering yet another way to 
send money digitally. 



2014 

Apple Pay: Apple debuts its own 
version of...well, Google Wallet. 
Makes a splash at Starbucks. 
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What is it? 



In 2008 , a programmer issued a 
white paper in which he argued 
that we need an Internet currency 
not subject to the fees and permis- 
sions of third-party intermediaries. 
So he came up with the digital 
equivalent of cash online, a system 
that lets participants send value to 
anyone else with a Bitcoin address 
the same way they might send an 
email. “Like the Internet flattened 
global speech, Bitcoin can flatten 
global money,” says computer 
scientist Nick Szabo, who is sus- 
pected as Bitcoin’s pseudonymous 
creator, Satoshi Nakamoto. 




How do 
you make it? 

That’s the weird thing about 
Bitcoin — it’s still being created. 
Every lo minutes, new Bitcoin 
enter the system. “Miners” donate 
spare or dedicated processing 
power to help validate transactions 
around the globe. Bitcoin come as 
rewards for that work. In the early 
days, you could just do this with 
a PC. Now the process is complex 
and requires powerful hardware. 




How do 
you use it? 

If you want to own Bitcoin, you 
have to first get a Bitcoin address 
(like opening an email account so 
people can send you email). 
Blockchain.info is the best place 
for that, and then you have to 
either get someone who owns 
Bitcoin to give you some or buy it 
from an exchange like coinbase, 
com. When you own Bitcoin, 
you’re assigned a value and a 
cryptographic key. With the key, 
you’re the only person able to 
transfer that value to someone else. 




How does 
it hold value? 



When Nakamoto designed the 
Bitcoin software, he programmed 
it so it would create only 
21 million Bitcoin, doled out slowly 
to the computers that joined the 
network. In limited supply, Bitcoin 
became not just a new way to send 
money but a much coveted one. 
There are now nearly 15 million 
Bitcoin worth more than $5 billion. 




What It Is, How It Works, How It Lives, and How It Dies 



What are the 
benefits? 



The first is unobstructed speed. 
Money is sent immediately, and 
no one can stop it. When Visa and 
Paypal refused to transact pay- 
ments to Wikileaks in 2010, so as to 
not support its release of classified 
government documents, donors 
sent $32,000 in Bitcoin. The second 
is that it’s built for the Internet, and 
that could make commerce a much 
better experience. Credit-card 
transactions will disappear, making 
the whole process more stream- 
lined and efficient. Web-based 
businesses will be able to capitalize 
on that too. “Crappy things compa- 
nies do now to monetize — banner 
ads, captchas, spam emails — will go 
away,” predicts Fred Ehrsam, CFO 
of Bitcoin wallet Coinbase. 




What stops 
Bitcoin from 
taking over? 

Banks are skeptical of Bitcoin. With 
no government backing it up, they 
worry its value could crash at any 
moment. Also Bitcoin would end if 
its cryptography were broken (the 
NSA is probably working on that). 
The biggest challenge for Bitcoin, 
though, is that it’s still associated 
with and used by a criminal 
element. It grew in prominence 
on Silk Road. Now it’s a favorite of 
digital extortionists, who capture 
and encrypt a computer’s contents, 
and threaten deletion without pay- 
ment, usually in Bitcoin. Ransom- 
ware victims paid $18 million last 
year, according to the FBI. 



What are the 
drawbacks? 



Bitcoin is not intuitive. It takes 
more than 10 minutes to explain. It 
can be stolen from you if someone 
steals your cryptographic keys. 

And it can be lost or destroyed. If 
you misplace the keys needed to 
unlock your entry on the Bitcoin 
ledger, say by wiping your hard 
drive or discarding it, you lose your 
Bitcoin. People call these “zombie 
coins,” and one analysis estimated 
that 25 percent of Bitcoin are 
zombified, a loss of more than a 
billion dollars. 



SraiNGSTO 

KITPINMIND 

BEFOIU^YOU 

BmimcoiN 



1 

Don’t invest unless you 
have money to lose. Origi- 
nally worth pennies, Bitcoin 
surged past $1,000 apiece 
in fall 2013 but has hovered 
around the $200 to $400 
mark for the past year. 

2 

Safe-keeping is key. If 
your Bitcoin get deleted or 
stolen, they’re gone forever. 

3 

Prepare to keep clean 
books. As with stocks, the 
IRS requires you to report 
the gains (or losses) on 
every Bitcoin transaction, 
comparing the value of 
when you spend it to that 
of when you bought it. 
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Best known as the maLigned twins in the 
Facebook origin story, Canneron and TyLer 
WinkLevoss are hoping to gain attention for 
being involved in another possible Internet 
giant: Bitcoin. They adopted it early, back in 
2012, when cryptocurrency was still a fringe 
concept. In October, they got approval fronn 
financial regulators to launch their own 
U.S.-based exchange: Gennini. Here’s why 
they have bet that Bitcoin will go big. 

T: We are fascinated with Bitcoin because it is the 
first iteration of money that’s actually built for the 
Internet, by the same type of engineers who built 
the Internet itself. 

C: It sends payments over protocols, the same way 
we send data and voice today. 

T: With just a cellphone and a Bitcoin address, you 
now have a bank account. You have a way to accept 
payment. You have a way to store value that isn't 
your mattress. 

C: How it’ll affect your life in the U.S. might be 
substantially different than in another part of the 
world. If you’re in Argentina, and there’s currency 
debasement of 25 to 30 percent a year, Bitcoin is sort 
of like disaster insurance. Plus you don’t have to give 
over a lot of personal information to a retailer like 
you do with a credit card, so things like identity theft 
and consumer protection are actually improved. 

T: Early Bitcoin operators, like Silk Road, definitely 
did it a disservice. But the irony is that Bitcoin is 
not good for illicit behavior. We know that because 
Silk Road was busted. And then two of the federal 
agents who made the bust and embezzled some of 
the Bitcoin were arrested too. The provenance of 
every coin— where it’s traveled, what marketplace 
it’s been on, what addresses have touched it— is all 
transparent and completely public. 

C: So how’s it going to affect your day-to-day? 
Through transactions we can’t even contemplate 
right now. 

T: Things like property deeds and title insurance 
could be moved to a blockchain-type transaction, 
such as Bitcoin. Computers and self-driving cars 
can’t go open up a bank account at JPMorgan or 
Wells Fargo, but they can plug into protocols. So if 
your power meter needs to purchase more energy, 
you can program it to do that with Bitcoin. The fact 
that the government is now regulating Bitcoin 
shows it understands that the currency is hugely 
transformative. This decentralized blockchain-type 
technology is here to stay. And it’s going to 
completely rewire the way the Internet works. 

as told to BREANNA DRAXLER 



THE EMERGING 
BITCOIN ECOSYSTEM 



Nearly a billion dollars in venture- 
capital funding has flowed into Bitcoin 
connpanies to date, nnost of it since the 
price of a Bitcoin cracked $1,000 in late 



2013. More than 100 firnns have sprung 
up to service— and profit fronn— Bitcoin. 
They’re creating a new financial land- 
scape for cryptocurrency, katie peek 



TOTAL VENTURE-CAPITAL INVESTMENT BY TYPE OF FIRM 



PAYMENT PROCESSORS 

$78 million 

These companies, such as 
BitPay, provide the soft- 
ware for shops to accept 
Bitcoin payments. 



EXCHANGES 

$98 million 

Like traditional exchanges, 
these companies provide 
a platform for buying and 
selling Bitcoin, 



MINING OPERATIONS 

$112 million 

These firms create new 
Bitcoin by supplying 
computational power for 
theblockchain. 



UNIVERSAL FIRMS 

$322 million 

Outfits that provide multi- 
ple Bitcoin services have 
drawn the most venture 
capital thus far. 



WALLETS 

$94 million 

Similarto checking ac- 
counts, wallet companies 
hold yourBitcoin-some 
even issue debit cards. 



INFRASTRUCTURE 

$101 million 
Blockchains can verify 
many kinds of transactions, 
notjust Bitcoin, so these 
firms are growing quickly. 



FINANCIAL SERVICES 

$118 million 

These are the companies 
that mediate investments 
and transactions involv- 
ing cryptocurrency. 



NUMBER OF BITCOIN COMPANIES WITH PUBLICLY DISCLOSED FUNDING 
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FF YDU*RE NOT a math genus nr a 
crypto^^her, it can be hard to wrap 
your head aroLihd what Bitcon 
IS. So two years ago. 1 decided 
to get familiarized by immersing 
myself in it I got rid of nny oasn 
and credit cards, arid sper^t a week 
n San Francisco living on B toom 
At the time, few people had heard of 
the cryptocLrirency. and fewer actually 
accepted it I couldn't pay my rant I had to 




walk or bike everywhere. The only food 
places that took it were a sushi restaurant, 
a cupcake shop, and a grocery store, which 
were all nniles away (I Lost 5 pounds in a 
week). It was hard, but I got to know the 
fervent Libertarians, entrepreneurs, crypto- 
geeks, and fringe econonnists who were part 
of Bitcoin’s then-snnaLL connnnunity. They so 
desperately wanted their radical currency to 
succeed, and they were worried at the tinne 
that the U.S. governnnent nnight ban it. 

A year Later, in 2014, 1 repeated the 
experinnent and had a connpLeteLy different 
experience. Venture capitalists had discov- 
ered Bitcoin, pouring nnoney into startups 
that nnade it easier to use. Intense interest 
fronn China sent Bitcoin’s value over $1,000, 
nninting nnany of those early cryptogeeks into 
nnuLtinniLLionaires, at Least on digital paper. 
Businesses had Learned that accepting 
Bitcoin was an easy way to get press. So I 
was able to use Bitcoin to go on a wine tour 
of Santa Cruz and eat a 14-course dinner at 
a hip new restaurant. I even visited a strip 
dub, where I convinced the exotic dancer to 
create a Bitcoin wallet while I watched. 

For nnany early adopters, this was all a 
bit depressing: their indie band had gone 
nnainstreann. China had nnining operations 
with hundreds of servers. The venture- 
capital firnn Andreessen Horowitz was fund- 
ing a secret nnining connpany. Most people no 
Longer focused on how Bitcoin could free us 




dancer to create a Bitcoin 



wallet while I watched.” 



“I even \dsited a strip club, 
where I comdnced the exotic 



fronn governnnent nnonetary control. Instead, 
they talked of how it could be better regulated 
to power the robot-to-robot transactions just 
over the horizon. 

That future nnight be conning, but it’s 
slower to arrive than nnost enthusiasts 
think. Even a year Later, if I tried to Live only 
on Bitcoin for nnore than a week, I’d either 
be very hungry or very bored with nny nneal 
options. And that’s really the central issue 
with Bitcoin: Unless it beconnes even easier 
for consunners and vendors to use, it could 
still beconne the Apple Newton of nnoney— 
an incredible technology that flops. Pi 





One day robots could come to yom rescaie. 
But first, they have to learn to walk. 
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In 2012, DARPA announced 
the most ambitious robotics 
competition in history. To 
kick-start the development 
of robotic first responders — 
machines capable of deploy- 
ing to natural or man-made 
disasters — the Pentagon’s 
research agency proposed 



a series of challenges. Robots would be 
tasked with navigating and interacting 
with a mock disaster site. They would 
open doors, traverse rubble, climb stairs, 
and turn valves. At times, they would have 
to act with almost complete autonomy in 
order to simulate communications break- 
downs in a real-life crisis. 

Teams from around the world entered 
the two-year competition. The Pentagon 
gave some of them multimillion-dollar 
robots to program, while others received 
funding to develop their own machines. 
But despite the generous alotted time and 
resources, the DARPA Robotics Competi- 
tion (DRC) would be extremely difficult. 
Legged robots, by far the most common 
design in the contest, are notoriously 
unstable, even when crossing level 
terrain. For most teams the concern was 
not winning the DRC. It was surviving it. 

The DRC finals were held in June at 
the Fairplex fairgrounds in Pomona, 
California. And, sure enough, many robots 
were hauled away from the two-day event 
in pieces. Falls were rampant, and every 
tumble drew sympathetic howls from the 
thousands of spectators watching from 
the stands. One humanoid fell so hard, its 
head flew off its body. 

In the end, three teams won a combined 
$3.5 million in prize money by completing 
eight tasks in less than an hour. But more 
to the point, the DRC served as a catalyst 
for robotics development. It forced many 
of the world’s leading roboticists to tackle 
some of the field’s hardest problems. None 
of the entries left the competition ready 
to respond to the next big disaster. But 
thanks to the DRC, the dream of robots 
that can function in the human world, 
whether that means pulling victims out of 
harm’s way or simply assisting the elderly, 
is closer than ever, eriksofge 



ITALIAN INSTITUTE OF TECHNOLOGY AND 
UNIVERSITY OF PISA 

Faced with human-centric tasks, such as driving 
a vehicle and operating power tools, most teams 
in the DRC built humanoid robots. And since 
two-legged designs are prone to falls, roboticists 
armored this 6-foot-tall, 264-pound machine 
with strategically placed shock-absorbing pads. 
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PROTO HEROES 



RoboSiiiiian 



J€rPR0PULSI0N 

LABORATORY 

NASA claims that its - 
entry was primate- 
inspired, but Robo- 
Simian’s defining feature 
isn’t even mammalian. 
Each of its four limbs 
has 28 joints, giving the 
275-pound robot' a degree 
of flexibility that more 
closely resembles an 
octopus’s tentacles than . 
an orangutan’s arms. 






m 



'■ CU'. 
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VIRGINIA TECH 

The engineering 
highlight of this 
5-foot-io-inch hot is its 
series-elastic joints. By 
compressing and recap- 
turing kinetic energy 
with each spring- 
loaded step, Escher’s 
actuators mimic the 
combination of 
efficiency and shock 
absorbance found in 
human joints. 



PROTO HEROES 



ESaffiR 






HUbO 



KAIST AND RAINBOW CO. 

The top prize of 
$2 million went to a 
humanoid from South 
Korea whose combina- 
tion of dexterity and 
mobility — it could roll 
around on wheeled 
knees — trounced the 
competition. It could also 
grab the utility vehicle’s 
roll cage in order to 
swiftly dismount from 
it, a task that slowed or 
destroyed other robots. 



PROTO HEROES 



DRC-HUBO 



72 P0Psci.coM 







Florian 

TEAM VIGIR 

Florian was one of seven 
Atlas robots in the finals. 
The Pentagon provided 
them to qualifying teams, 
such as the international 
Team ViGIR. Although 
its members could make 
minor hardware modifica- 
tions, the main challenge 
was to write software 
that kept the towering, 
6-foot-2-inch machine 
from faceplanting while 
crossing uneven terrain. 



popsci.coM 73 



Earthq uake 

Nation 

Last year, scientists had 
for seismic activity in the 
There's a whole lot more 
in the Midwest— and hum 




Mark Crismon and I were sitting outside his Oklahoma house, looking at the day 
lilies that lined his pond, when our conversation was interrupted by a distant 
boom. “Did you feel that?” Crismon asked. “Just be quiet. Sit still.” He’s a lanky 
76-year-old, retired from an electronics career, with gray hair combed straight 
back from his ruddy face. The booms continued, once or twice per minute; 
I felt them under my skin. “That’s a small earthquake,” he said, seconds 
before the sound recurred. “There it was again. We’ll go and look on the 
seismometer — I’ll show you what it looks like.” 

We walked into his garage. It was July and approaching lOO 
degrees in the countryside north of Stillwater. The building was 
filled with freezers where Crismon and his wife store the food they grow, catch, shoot, 
and smoke. Deer and coyote tails covered corrugated-tin walls. On a desk in the corner, 
beside a hand-labeled bottle of peach brandy, sat a Dell laptop connected by a cable to a 
buried seismometer. Oklahoma State University scientists had given Crismon the seis- 
mometer in 2014, as part of a project to monitor the state’s current rash of earthquakes. 

He took a drag from his cigarette, then turned his attention to three parallel bars 
scrolling across the screen: blue on the bottom, red in the middle, green on top. They were 
mostly straight but had become jagged for the several minutes we had felt the tremors. 
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By Bany Yeoman 



to redraw the map 
United States, 
shaking going on 
ans are causing it. 



Todd Halihan, a hydrogeophysicist at 
Oklahoma State University Inject fluid 
deep enough, he says, and it travels into 
the fractures in the granite, in effect lubri- 
cating the rock and causing faults to slip. 

Halihan compares this to tabletop air 
hockey. “When it’s off, the puck doesn’t 
move particularly well,” he says. “Turn on 
the air, and it’s like you’re injecting. That 
puck moves real well.” 

It’s not only in Oklahoma where we’re 
giving the proverbial puck more room to 
slide. Our species, unintentionally, keeps 
flnding new ways to 
unleash earthquakes. 
We have rattled the 
ground by impounding 
reservoirs, excavating 
mines, testing nucle- 
ar weapons, tapping 
geothermal power, and 
pushing carbon dioxide 
underground to slow 
global warming. 

Sometimes these 
quakes arrive as jolts 
like those Crismon and 
I felt outside his house. 
Sometimes they topple 
buildings and claim 
lives. Whether they hit 
the Midwest, California, 
Switzerland, India, or China, some of 
those who feel the shocks are asking: Can 
we control the tremors, or are damaging 
quakes an inevitable feature of the future? 



“How’d you like to put up with that day 
and night?” he asked. 

Crismon sits at this desk, on and off, for 
14 hours a day. He arrives at 6 in the morn- 
ing and takes pictures of the spikes with a 
digital camera to document what he calls 
a growing menace (even though the data 
gets recorded regardless). There’s plenty to 
photograph: Oklahoma, which historically 
has had few earthquakes of magnitude 
3.0 or higher, started rumbling regularly 
in 2009. The Oklahoma Geological Survey 
recorded 35 such quakes in 2012, 109 in 2013, 
and 584 in 2014. (The prior annual average 
was fewer than two.) By late October, the 
2015 flgure had already exceeded 700. 

Scientists have flgured out the rea- 
son: the oil-and-gas industry’s practice of 



injecting wastewater deep underground. 

The granite basement that underlies 
the continent, a mile below Oklahoma’s 
wheat and alfalfa flelds, is full of faults. 
Usually, natural stresses clamp the rocks 
and keep them from moving — like “a vise 
that’s slammed on the east and west side, 
and someone’s turning the screw,” says 




We first recognized the problem of man- 
made earthquakes around the turn of the 
20th century, as they began hitting the 
regions around South Africa’s gold mines 
and Europe’s coal mines. The release of 
gravitational energy, when the rock above 
the mines sagged, triggered them. 

It took until the I930s for Americans 
to notice man-made quakes beneath our 
own soil. When engineers created Lake 
Mead behind the Hoover Dam, the sudden 
addition of 12 billion tons of water appar- 
ently set off hundreds of small tremors 
along the Arizona-Nevada border. “This 
was an ‘aha moment,’ an important bench- 
mark in the science,” says Bill Ellsworth, an 
emeritus seismologist with the US. Geo- 
logical Survey and geophysics professor 
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at Stanford University. Since 
then, reservoirs have been 
linked to devastating quakes 
around the world: definitively 
to a magnitude-6.3 quake that 
killed 200 people in 1967 near 
India’s Koyna Dam, and more 
speculatively to the 2008 Sich- 
uan quake, a magnitude-7.9 
colossus that flattened schools 
and hospitals in China, and left 
more than 80,000 people dead 
or missing. The Sichuan quake 
was triggered less than 6 miles 
from the Zipingpu Dam reser- 
voir, says natural-hazards re- 
searcher Christian Klose, who 
has linked water levels there to 
tremor frequency. 

The most ominous precur- 
sor to Oklahoma came in the 
1960S, when a series of earth- 
quakes walloped the normally quiet Denver area. During 
two particularly lively days in 1962, the shocks broke win- 
dows, cracked plaster, and left electrical outlets hanging 
by wires. “Children cried with fright,” read a federal field 
report from Dupont, a town just north of the city. 

Scientists traced this seismic uptick to the Rocky 
Mountain Arsenal, an Army facility that manufactured 
chemical weapons and rocket fuel. Weeks before the trem- 
bling began, the arsenal had started injecting wastewater 
2 miles down into the crystalline basement rock. After the 
injections stopped, in 1966, it took a year for the shaking to 
cease: A magnitude-5.3 quake knocked bricks from chim- 
neys in 1967 and caused more than $1 million in damage. 

A geologist named David Evans found an association be- 
tween the amount of fiuid injected at the arsenal and the 
number of earthquakes, and suggested cause and effect. 
(To demonstrate how lubricated rocks slip, Evans report- 
edly would perform the “Coors experiment”: He perforated 
the bottom of a beer can, and then showed how the seep- 
ing liquid eased its slide down an incline.) The Army dis- 
puted Evans’ hypothesis, but he was vindicated by USGS 
researchers, who triggered seismicity soon after by me- 
thodically injecting fiuid into Colorado’s Rangely oil field. 

Since then, scientists have grown more sophisticat- 
ed about documenting changes in earthquake activity. 
About 200 miles south of Rangely, in Colorado’s Paradox 



^ Oil-and-gas operations produce wastewater made 
up largely of brine. Injection wells in the U.S. pump 
2 billion gallons of it a day underground. 

Valley, the U.S. Bureau of Reclamation has been injecting briny 
groundwater into a deep limestone formation in order to keep it from 
contaminating a river. “Somebody had the foresight to say, ‘Let’s see 
what kind of seismicity’s out there before we start injecting,”’ says bu- 
reau geophysicist Lisa Block. Six years of baseline data showed almost 
no natural activity. By contrast, the agency has recorded 6,200 quakes, 
most of them small, since underground disposal began in 1991. 

By the time Oklahoma starting ramping up its own wastewater 
injection — now more than a billion barrels a year — the notion that 
humans can induce earthquakes by putting fiuid underground was 
already familiar. Still, Sooner State residents were caught off-guard 
when that geologic principle hit home. 




Todd Halihan was standing in the hallway of his Stillwater home 
one night in November 2011 when he noticed glasses starting to rattle. 
As the building shook, the hydrogeophysicist flashed on his sleeping 
6-year-old. “Should I get my kid out of bed and run out of the house?” 
he recalls thinking. “Should I get him under a table?” 

Halihan was feeling the effects of a magnitude-5.7 quake — 
Oklahoma’s largest, it turns out. Its center was near Prague (rhymes 

with “vague”), almost 50 miles 
away, where it buckled a high- 
way and destroyed 14 homes. 
In one living room, rock from 
a fireplace and chimney struck 
a woman as she watched TV. 
The earthquake also toppled a 
historic turret at St. Gregory’s 
University in nearby Shawnee. 



Sometimes these quakes arrive as jolts 
Like those Crismon and I felt. Sometimes 
they topple buildings and claim lives. 
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SOURCE: U.S. GEOLOGICAL SURVEY NATIONAL EARTHOUAKE INFORMATION CENTER 
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NERD BOX: 

Both rTMfJs Shw 
^mors stronger than 
maQAltude 3 jO. Color 
represents strcrngth: 
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mapom^a tew quakes 
elorg the west of New 
Mexico and CoLorada to 
BMki eafthquake-pf one 
mountain regk:ins. 



A decade agt^, this part of North America experienced just 
14 tremors a year. In 2014, 650 quakes hit the area, most 
of them clustered around wastewater injection wells. 
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popsci.coM 77 




A team from the University of Oklahoma, Columbia Uni- 
versity and uses determined the source: a fault rupture 
that began about 650 feet from active injection wells. 

“That’s when a lot more people started paying atten- 
tion,” says Austin Holland, Oklahoma’s state seismologist 
until this past summer. 

The idea that the oil-and-gas industry could be produc- 
ing these quakes was a touchy subject, both for companies 
and for the administration of Gov. Mary Fallin. One study 
shows the industry has created one-fourth of Oklahoma’s 
new jobs since 2010. Emails obtained by the Energy Wire 
news service paint a picture of a government that, in the 
words of Fallin chief of staff Denise Northrup, tried to 
“make this go away.” Shortly after the Prague earthquake, 
Fallin aides contacted Devon Energy, an oil-and-gas pro- 
ducer, and obtained talking points to use with constit- 
uents. Among them: “There is no current evidence that 
oil-and-gas operations had anything to do with the recent 
large earthquakes in Oklahoma.” When Fallin addressed 
a National Governors Association forum on shale-energy 
development in 2013, a reference to underground injec- 
tion wells was deleted from her speech. “We had other 
issues we wanted to highlight,” says Alex Weintz, Fallin’s 
communications director until this past November. 

Weintz says Fallin’s personal views were always more 
nuanced than Devon Energy’s talking points, even if 
those points were used by her 
staff. Her own reticence to blame 
disposal wells, he says, reflected 
the state of the research when 
she took office in 2011. “It was only 
the beginning of a spike in seismic 
activity,” he says. “Since then, the 
science has evolved.” 

Even the Oklahoma Geological 
Survey, a university-affiliated state 
agency, was slow to acknowledge 
the disposal-well connection. In 
a 2013 statement, it noted that the Prague earthquake 
appeared to be the result of “natural causes.” Holland, 
who worked for the survey, says, “Oil-and-gas is a very im- 
portant industry, and so . . . some of the public statements 
saw a lot of wordsmithing.” 

As scientists dug into data, a consensus emerged that 
fluid injection was indeed behind the spike in earthquake 
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activitiy. Even Fallin has come around. “We all know now there is a di- 
rect correlation between the increase of earthquakes that we’ve seen 
in Oklahoma and the disposal wells,” she said at an August meeting 
of her administration’s Coordinating Council on Seismic Activity. 

In fact, new research shows earthquakes now pose a risk to the oil- 
and-gas industry itself The largest crude-oil storage facility in the 
world sits in Cushing, Oklahoma, right above a fault recently activated 
by injection. Continued injection could produce a magnitude-5.7 
earthquake, large enough to rupture oil tanks and pipelines. 

The problem doesn’t stop at Oklahoma’s borders; man-made 
earthquakes have hit other midcontinent states too. On New Year’s 
Eve 2011, a magnitude-4.0 tremor in Youngstown, Ohio, shook build- 
ings and led to the shutdown of a disposal well that was deemed 
the likely culprit. Waste injection has also been linked to quakes in 
Arkansas, Colorado, Kansas, New Mexico, and Texas. 

If the same quakes had happened overseas, they might have 
caused far more damage. “The technologies that have been pioneered 
primarily in the US. — to unlock gas from tight shale and to produce 



oil from unconventional reservoirs — have the potential to be applied 
around the world,” says Ellsworth, the USGS seismologist. “Many 
countries will find it irresistible to produce their own resources. Un- 
fortunately, in many of these countries, the building standards are 
not what they are in the United States, and the potential for severe 
damage and loss of life is really high.” 




As we keep using the earth as 
a vault to stash our waste — and 
as a tappable resource — we’re 
creating a global-energy sys- 
tem that will likely increase the 
risk of small and potentially 
large earthquakes. Engineers 
will need to weigh every re- 
source, looking at how much 
power it provides, how green 
it is, and what type of seismic 
risk it poses. 

In some cases, the tech- 
nologies we’ve engineered to 
ease our impact on the envi- 
ronment have proved likely 
to shake the ground. In a pilot 



Mark Crismon monitors 
earthquake activity 
caused by injection 
wells at his home in 
Oklahoma, as part of a 
seismic network set up 
by scientists. 




The problem doesn’t stop at 
Oklanoma’s borders; man-made 
earthquakes have hit other 
midcontinent states too. 
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SOURCES: DAVID M. EVANS, THE MOUNTAIN GEOLOGIST V. 3, 1966; M. WEINGARTEN ET AL., SCIENCE, 19 JUNE 2015 
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"llie Case for Hrmian-C]ansed 
Earthquakes, in Cfoarts 



O Do injection 

wells really cause 
earthquakes? 



Yes. In the early 1960s, an area near Denver expe- 
rienced a cluster of 710 earthquakes. The tremors 
started a month after the Rocky Mountain Arsenal 
installed an injection well to dispose of waste from 
chemical-weapons manufacturing. Before 1960, the 
most recent earthquake in the region had been in 1882. 
Careful statistical analysis confirmed a trend obvious to 
even a casual observer: Large volumes of liquid, shot 
deep into the earth, can cause the ground to shake. 



EARTHQUAKES PER MONTH NEAR DENVER INJECTION WELL 
80 1 



-M r- p ^ — 

MILLIONS OF GALLONS OF FLUID INJECTED PER MONTH 





Are the recent quakes throughout 
the U.S. also caused by injection? 

EARTHQUAKES STRONGER THAN 3.0 

6DD 



Within 15 miles of 
an active well 



40D 



Almost certainly. In a recent 
study, published in Science, 
geophysicists analyzed earth- 
quakes east of the Rockies and 
found a strong link to injection 
sites. Since 2011, 87 percent of 
tremors stronger than magni- 
tude 3.0 have occurred within 
15 miles of an active well. 



20D 

Not near an active well 
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EARTHQUAKES EAST OF THE ROCKIES 1973-2014 






Magnitude 
Less than 3.0 - 

3.0- 3.9 • 

4.0- 4.9 ♦ 




5.0 or greater * 

Near active wells « 
Not * 




Can oil and gas 
companies prevent 
future earthquakes? 



Probably. The authors of the Science 
study analyzed more than 7,000 earth- 
quakes and nearly 20,000 wells to identify 
the practices most likely to be responsible. 
They found high injection rate was the 
biggest culprit, at least for saltwater wells. 
(Such wells inject brine into fresh ground, 
as opposed to enhanced oil recovery wells, 
which inject it into oil or gas fields in order 



to extract fuel.) Injection rate mattered 
more than well depth or total fluid volume. 
It’s a logical conclusion: Injecting fluid 
rapidly gives it less time to diffuse, which 
may raise the pressure that pushes rocks 
apart at a fault line. But many high injec- 
tion rate wells operate in states such as 
Michigan without creating earthquakes, so 
the structure of the ground is a factor too. 



FRACTION OF WELLS LINKED TO QUAKES 
All 

H Igh-jfi weUj are — > 




Maximum injection rate, in barrels 
per month, for saltwater wells 
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project in Decatur, Illinois, carbon dioxide captured from 
an ethanol plant is being injected, in liquidlike form, al- 
most 7,000 feet down into a sandstone formation. The 
goal is to slow climate change by keeping the greenhouse 
gas out of the atmosphere (a tactic also advanced by pro- 
ponents of “clean coal”). 

So far, the injections have caused only the smallest of 
tremors, too faint to be felt. But Stanford University geo- 
physicist Mark Zoback and hydrogeologist Steven Gore- 
lick have argued that for underground carbon storage to 
benefit the climate, it must happen at a “massive scale” — 
one that will likely trigger more seismicity, and therefore 
potentially defeat its own purpose by discharging the car- 
bon into the atmosphere. “Even small to moderate earth- 
quakes threaten the seal integrity of a CO^ repository,” 
they wrote in a 2012 journal article. For that reason, they 
concluded, carbon injection will be “an extremely expen- 
sive and risky strategy” to reduce greenhouse gases. 

Ole Kaven — a USGS geophysicist involved in the Il- 
linois project — says that if researchers can map faults, 
fractures, and fluid pathways using sophisticated instru- 
ments, they can reduce the hazard, though not eliminate 
it entirely. “If one factors in the cost of greenhouse-gas 
emissions, and what effect CO^ sequestration can have on 
reducing some of the long-term effects, this conversation 
changes,” he says. “Some of these risks might be tolerated.” 

That’s a critical point: A technology might produce 



says it might not take much 

pressure to increase seismicity- earthquakes, but what harm 
as little as 15 pounds per square might come from not using it? 

inch. Half of a car tire, he says. Yake geothermal production, a 

reliable and underused source 
of electricity that causes little 
environmental damage. “If we could tap all the heat in the earth, 
we wouldn’t need anything else,” says Ernest Majer, a geophysicist 
affiliated with both the Lawrence Berkeley National Laboratory and 
Sandia National Laboratories. 

That was no comfort in Basel, Switzerland, where in December 
2006 operators of the Deep Heat Mining project began injecting cold 
water into the naturally hot granite below the city. The following 
week, a magnitude-3.4 shock rattled windows and cracked plaster. In- 
jection was halted. A government study projected a 15 percent chance 
of a man-made earthquake causing more than $500 million in dam- 
age if production resumed. In 2009 the project was scrapped entirely. 

Geothermal production continues in rural areas — most nota- 
bly at the Geysers, north of California’s Bay Area, where locals have 
routinely endured minor quake damage. “Sometimes it feels like a 
big truck just bumped into the house,” says Jeff Gospe, who sits on 
a seismic-monitoring advisory committee there. Neighbors have 
reported cracked windows and a retaining wall that crushed a van. 

Majer believes that the hazard posed by geothermal fields is mi- 
nor compared with their potential to produce clean energy. (He says 
the Geysers alone could power all of San Francisco.) “There’s no such 
thing as zero risk,” Majer says. “Driving to the grocery store is a risk. 
Everybody risks when they get out of bed in the morning.” Compare 
that, he says, with the cost of carbon emissions: “If you start look- 
ing at the health impacts, the climate impacts — all the nasty things 
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coming out of the fossil-fuel economy — well, maybe we 
better do something else. Induced seismicity associated 
with putting carbon into the ground, associated with geo- 
thermal: Those are minor, minor things compared with 
all these other risks facing us.” 




Assuming we’re not going to shut down energy pro- 
duction, scientists now face a more complex question: 
whether it’s possible to minimize the hazard. 

After the experiments in Colorado’s Rangely oil field 
in the I960s and ’70s, which showed that we could control 
induced seismicity by varying the pressure of injected 
fluid, scientists were bursting with hope. Not only might 
they reduce damage from man-made quakes, the think- 
ing went, but maybe they could control natural ones. 
Rather than waiting for the next bridge-toppler to hit 
California, USGS scientists suggested drilling wells along 
the San Andreas Fault, injecting water, and releasing the 
accumulated stress in a series of small, harmless quakes. 

The idea never got traction. Not only would it take 
thousands of mini quakes to offset a major one, but it 
is also too risky. More than a century has passed since 
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A truck carrying 
wastewater 
dumps it into a 
storage facility in 
Oklahoma before it 
is re-injected into 
the ground. 



US from managing the earthquakes we do create. 

“Probably the greatest unknowns are the properties and processes 
deep within the earth, things that are very difficult to measure direct- 
ly,” Holland says. “How is pressure being communicated? Do faults act 
as seals or as conduits? What are the actual stress states deep within 
the earth? That’s where science has to spend a significant amount of 

effort and resources.” 



San Francisco’s deadly 1906 quake, which means the city 
is sitting on highly stressed rock. Inject water under- 
ground, says Oklahoma’s Halihan, and “you might not 
release 100,000 small ones. You might release a big one.” 
Even if the experiment did work locally, he says, “you 
might set off the next segment of the fault. It’s 3-D and it’s 
complicated: ‘Hey, we didn’t cause an earthquake in San 
Francisco.’ ‘Well, you just knocked down LA.’ ‘Sorry.’” 

Today, nobody’s talking about setting off micro- 
tremors in Oklahoma in order to avoid the next Prague 
earthquake. But scientists are talking about more-modest 
ways to manage seismicity. “The toolbox is growing,” 
says Austin Holland, who now works for USGS in New 
Mexico. It includes avoiding known faults, scaling back the 
volume and rate of fluid injected into the rock, injecting at 
a shallower depth, improving monitoring, and preparing 
to abandon wells altogether if seismicity can’t be stopped. 
This past year, the Oklahoma Corporation Commission — 
which regulates the industry — ordered volume reduc- 
tions for some wells, as well as “plug backs” to limit how 
deep some wastewater is injected. The state’s “traffic light” 
system, instituted in 2013, allows regulators to scale back 
or halt drilling in response to seismic activity. 

Still, eight magnitude-3 and -4 quakes struck north- 
ern Oklahoma during a 24-hour period as this story went 
to press. There’s a lot we haven’t yet learned about what 
happens underground — and that knowledge gap stymies 



A 

Back in Stillwater, Todd 
Halihan understands both 
sides. He wants his students to 
find work in the energy indus- 
try when they graduate. But 
he also doesn’t want to have to 
dive for his son the next time an earthquake shakes his house. 

“We’re going to make some decisions, and none of them are going 
to be super-simple or super-pleasant,” he says. Ideally, that means 
talking levelheadedly about both the value of oil-and-gas production 
and the threat of earthquakes — how to balance those competing 
concerns and how much uncertainty we’re willing to tolerate. 

It’s not easy to talk, though, when the ground is rattling. Each 
side retreats into a corner. Some industry and political leaders 
refuse to acknowledge the emerging science. Some quake-zone resi- 
dents, feeling ignored and outgunned, pull out the only weapon they 
have: their rhetoric. The conversations grow polarized rather than 
solution-oriented. 

Technology, Halihan says, often carries harm. “The Titanic’s a nice 
example,” he says. “We were developing big ships, and we sank them. 
Developed airplanes: we crashed them.” Addressing unintended con- 
sequences doesn’t necessarily mean scrapping innovations. Nor does 
it mean pretending the consequences don’t exist. 

With seismicity, as with addiction, the first step is admitting we 
have a problem that’s not fully within our control. “The government, 
as well as these companies, should be upfront,” says Leonardo Seeber, 
an earthquake geologist at Columbia University’s Lamont-Doherty 
Earth Observatory. “You want to drive your car. It takes gasoline. 
To produce that, you have to make wells. You have to pump in here 
and pump out there. And when you are doing that,” he says, “you 
are changing the stress in the subsurface. Sometimes there could be 
earthquakes that we can’t predict. There could be consequences. But 
we’re all in it together.” % 



It’s not easy to talk when the ground is 
rattling. Each side retreats into a corner. 
The conversations grow polarized. 
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In the last few years, the phrase “In God We Trust” has elicited 
arguments between supporters and critics over whether the 
phrase belongs on public property. Those who believe in the 
“separation of church and state” (a phrase which is not in the 
U.S. Constitution) argue that God has no place in the public 
square. What they don’t realize is that the courts have ruled 
otherwise in numerous cases. The courts and Congress have 
said that “In God We Trust” would be historically appropriate, 
since it is our official national motto. 

One of the more recent court cases resulted in a 2013 ruling by Judge Harold Baer, 
Jr of the United States Southern District of New York, who dismissed a lawsuit (Case 
1 :1 3-CV-00741 -HB) filed by an atheist group (Freedom From Religion) and 1 9 other 
plaintiffs seeking removal of "In God We Trust" from coins and paper money. Judge 
Baer noted in his ruling that "the U.S. Supreme Court has repeatedly assumed the 
motto's secular purpose and effect." The judge also ruled that while the plaintiffs 
might feel offended at its presence, they suffered no "substantial burden" because 
of the motto's appearance on U.S. money. 

A similar case in 201 1 , brought by the same atheist attorney, Michael Newdow, went 
all the way to the U.S. Supreme Court, where it was rejected. Ironically, Newdow 
graduated from Brown University, whose motto since 1765 has been "In Deo 
Speramus" (In God We Hope). This certainly deflates the argument that this phrase 
(or versions of it) was only popularized during the Civil War or in the mid-20th century. 

The phrase "In God We Trust" made headlines again in 201 1, when the House of Rep- 
resentatives passed a non-binding resolution reaffirming its status as the U.S. national 
motto. It did so after President Obama mistakenly referred to"E Pluribus Unum"as 
America's motto. That phrase - which means "Out of many, one" in Latin - has 
appeared on U.S. coinage for more than two centuries, but it enjoys no official status. 

In one specific case,"E Pluribus Unum"was engraved on the new Capital Visitors Center 
until Congress ordered its removal in favor of "In God We Trust." The aforementioned 
Congressional resolution drafted by Virginia Congressman Randy Forbes encouraged 
display of'ln God WeTrust"in all public schools and government buildings. It was 
approved overwhelmingly by a vote of 396 to 9 with two abstentions. 



Webster defines "motto" as "a phrase that expresses a rule guiding the behavior of 
a particular person or group." Florida's state motto is also "In God We Trust," and four 
states (Indiana, Kentucky, Florida and South Carolina) manufacture license plates 
with this phrase as a standard plate option for no extra fee. 

Most critics of "In God We Trust" are ignorant of the phrase's legal history or they 
ignore the many court rulings and resolutions of Congress in its favor. One version 
of the phrase appeared in Francis Scott Key's 1814 poem, which was considered our 
national hymn in the mid-1800s before it became our official National Anthem in 
1931. In the fourth and final stanza. Key wrote: "And this be our motto - 'In God is 
our Trust!"' Exactly 50 years later, "In God We Trust" was first placed on circulating 
U.S. coins in 1864, and it has been on all coins since 1938. It became our official 
national motto in 1 956, when President Dwight Eisenhower signed it into law, and 
it has appeared on all paper money since 1966. 

The idea for adding this motto to U.S. coins began in 1861, when a Baptist minister 
from Ridleyville, PA, wrote Treasury Secretary Salmon P. Chase a letter urging "the 
recognition of the Almighty God in some form on our coins." Chase (also a graduate 
of Brown University) agreed and instructed Mint Director James Pollock to prepare a 
motto "in the fewest tersest terms" recognizing "the trust of our people in God." Pollock 
wrote back that he recalled the reference to such a motto in the fourth stanza ofThe 
Star Spangled Banner, our popular national hymn. Pollock added 'GOD OUR TRUST' 
on a few experimental pattern coins for proposed new designs. After consultation 
and debate in the Treasury Department, the words, IN GOD WE TRUST first appeared 
in circulating coins on a new copper 2-cent piece denomination in 1864. 

With over 1 50 years of tradition, patriotism and law behind it - or 200 to 250 years, 
if you count Francis Scott Key's poem which became the National Anthem, or the 
inscription at Brown University - it is safe to say that "In God We Trust" will likely 
survive any challenge as our national motto; the Star Spangled Banner will remain 
our National Anthem and In God We Trust will remain on law enforcement vehicles. 

Known as America's Gold Expert®, Michael Fuljenz' writings on the National 
Motto have won awards from the Numismatic Literary Guild and the Press Club 
of Southeast Texas and been published on this topic in such diverse publica- 
tions as the Baptist Message and Newsmax Finance. His detailed history of the 
national motto is available free online at www.INGODWETRUSTonmoney.com. 



Most recently, we have seen the motto's placement on police vehicles in some In addition, Fuljenz is a past president of the diocese of Beaumont Catholic 



communities, with some vocal resistance coming from those who believe that this 
somehow violates the "establishment" clause of the First Amendment ("Congress 
shall make no law respecting an establishment of religion, or prohibiting the 
free exercise thereof."), which clearly prohibits the establishment of a certain 
"brand"of religion. 



Award-Winning Industry Leader'^ 
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^ 3 -Investment Book ofthe Year Awards* H 

7 - Best Dealer Publication Awards* V 

2015- Book of the Year Award* 



school board and the 2013 Catholic Charities Humanitarian of 
the Year Award recipient. He serves on the Beaumont Crime 
Stoppers board and was the 2012 Beaumont Police Depart- 
ment Corporate Award recipient. 
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2016 

Silver American Eagles 



Beat the Rush! 

First Time Offered • Order Today 

* HIGH DEMAND, Strictly Limited Inventory 

* IRA APPROVED, 1 oz. of .999 Fine Silver 

* GUARANTEED & BACKED by the U.S. Government 

* GEM BRILLIANT Uncirculated Condition 



FREE SHIPPING 



Free Priority Shipping & Insurance 
First 100 Orders ($6 Value) 



Five Reasons To Order Now! 

i .The U.S. Mint may stop producing or selling 
2016 Silver Eagles at any time just like the 
recent 2015 Silver Eagle sales suspensions! 

2 . Global economic uncertainty could send 
silver prices dramatically higher at any 
time, power boosting demand for these 
coins and limiting their availability to 
you. 

3. 2016 Silver American Eagles are not only a 
solid silver purchase, but they are also a 
true heirloom piece of American history 
to be enjoyed in your family's estate for 
generations to come. 

4.2016 Silver American Eagles can never be 
worth less than their legal tender face 
value, or the price of silver, and are always 
worth more to collectors. 



As low as 



over spot price* 

(check/wire price) 



1.800.822.4653 



Vault Verification: Offer Expires: 

UP0SCRS0116 01/22/16 Check or Money Order 
Availability not guaranteed • Price subject to change 
Limits per household • No Dealers Please 



ASK US 

When you call, ask how smart investors are maxi- 
mizing their investment by building sets of gold and 
silver American Eagles today! 1.800.822.4653. 



COMPARE & SAVE! 

Call for GREAT QUANTITY PRICING, availability 
and payment terms on popular gold & silver bullion 
products, or visit us online at universalcoin.com 



/ Shopping & Special Offers 
y Award-Winning Videos & Resources 
y Buying, Selling & Security tips and more 
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ORDER DELIVERY NOTIFICATION 

Coins will be shipped after we receive them from the 
U.S. Mint's distributor. We expect to receive them in 
the middle of January 201 6. This date is not guaranteed 
by the United States Mint or Universal Coin & Bullion®. 
Prices are subject to change in response to market con- 
ditions. 



image is for 
representation only 



5. Silver Eagles are the most popular 1 ounce 
pure silver coins in the world. 



Silver: 

Price 

Example 


If silver spot price 
at time of order is 


plus 


Special Offer 

Over Spot Price 


equals 


cost per coin ^ 
(example only) 


$14.25 + $2.75 = $17.00 



*Spot Price- the daily quoted market price of precious metals in bullion form. 
Spot price determined solely by Universal Coin & Bullion® at time of transaction. 
Please read important customer disclosures on our website or that 
accompany products purchased, including arbitration agreement. 
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Official Rare Coin & Bullion Dealer of the Southland Conference 
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Scoop Snow from 
the Comfort of Home 



TIME 2 hours M 
COST $389 “ 

DIFFICULTY • • • 



When a pile of snow falls over- 
night, the last thing you want 
to do is wake up early to shovel 
the sidewalk. With a radio- 
controlled snowplow, you won’t 

need to. It does 

the work while 

DAVE 

PROCHNOW morning coffee. 

To nnake sure 
your plow will have 



WARNING Water 
and electricity 
shouldn’t mix. Use 
waterproof tape 
to keep snow out 
of the plow’s main 
compartment. 



sufficient nnuscle, start with 
the rugged Warden Robot Kit 
fronn Actobotics. Add a sealed 
gel-cell battery, electrically 
joined drive nnotors, and a 
shovel blade assennbled fronn 
3-D-printed parts. Steer your 
vehicle over the driveway using 
the rennote, and you’re ready for 
total winter domination— fronn 
the comfort of the indoors. 



See photographs, a wiring diagram, and more at popsci.com/RCplow. 
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ILLUSTRATION BY CLINT FORD 
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MATERIALS 



• Warden Robot 
Kit 

• Four gearmotor 
boards 

• 10 feet of 
20-gauge red/ 
black zip cord 
» One pair 
alligator clip s 
. PololuTReX 
Jr dual-motor 
controller 

• On/off toggle 
switch 

• Two 12 -inch 
servo extension 
cables 

• Two-channel 
transmitter/ 
receiver radio- 
control system 

• Four 12-inch 
male-to-male 
JST connectors 

• Four gearmotor 
end caps 

• 31 y 2 -inch-by- 6-32 
socket-head cap 
screws 

• 31 6-32 nylock 
mits 

• 12-volt 5 AH 
gel-cell battery 

• 12-volt DC 500 
mAh battery 
charger 



5 Route the two servo exten- 
sions fronn the CHI and CH2 
headers of TReX Jr to, respec- 
tively, the CH2 and CHS outputs 
of the R/C receiver. 

6 Snip one set of plugs off each 
JST connector. Strip the ends 
and plug the rennaining JST 
connectors into the gearmotor 
boards, reversing their polarity in 
the rear gearmotors. 

7 Twist the stripped ends of the 
two left motors together, red 
to red and black to black, and 
insert the joined ends into the Ml 
terminals of TReX Jr. Repeat for 
the right motors, but insert into 
the M2 terminals. 



8 Print the parts of the shovel 
blade, using the STL files at 
popsci.com/RCpLow. Fasten 
them to the front bumper with 
the socket-head cap screws and 
nylock nuts. 

9 Charge the battery, if needed. 
Mount the on/off switch to the 
rear bumper, and slip the alligator 
clips onto the battery terminals. 

10 Put battery, wires, and 
electronics into the main 
compartment, and apply water- 
resistant electrical tape over all 
openings. Turn on the switch, 
and test the speed control and 
directional drive of each motor. 
Now you’re ready to kick back 
and show the snow who’s boss. 



INSTRUCTIONS 



1 Assemble the Warden Robot 
Kit according to the Actobotics 
instructions. 



2 Solder a gearmotor board to 
each motor. 



3 Separate the red-and-black 
wire from the zip cord. Solder a 
black alligator clip to one black 
end. Strip and insert the other end 
into the GND terminal of TReX Jr. 



4 Cut the red wire in half. For one 
half, solder a red alligator clip to 
one end and connect the other 
end to the on/off switch. For the 
other red wire, solder one end to 
the switch, and strip and insert 
the opposite end into the positive 
12-volt terminal of the TReX Jr. 



TOOLS 



Hex keys 

( 764 ,^ 64 , 

and 732 ) 



Soldering 

iron 



Wire 

cutter/ 

stripper 



3-D 

printer 

and 

filament 



ELectrical 

tape 
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Meet a Maker 



Tiny Home Builder 



by 

REBECCA 

HARRINGTON 



When Hailey Fort decided she wanted to build a 
shelter for a local homeless man named Edward, her 
parents said she had to draw a blueprint first. So the 
9-year-old native of Bremerton, Washington, started 
by planning the 32-square-foot footprint — and then 
designed a tiny house from the ground up. 

Hailey has been building things for most of her 
life, whether it’s helping out her mom, Miranda, with 
home projects or consulting with her grandfather, 
who’s a contractor. But when it came to constructing 
Edward’s house, she did everything herself (although 



her parents did step in to give pointers and help lift 
heavy materials). Miranda and her husband, Quentin, 
banned Hailey from using power saws and let her 
work for only about an hour each day, so the house — 
which has windows, insulation, and solar panels for 
electricity — took several months to complete. “If she 
had her way, she would work all day,” Miranda says. 

Now that she’s finished with Edward’s house, Hailey 
plans to make at least lO more over the next two 
years. Her family is coordinating with local churches 
to find a place to park the shelters, which have wheels 
for easy transportation. After that, Hailey plans to 
keep building things. “I want to be an engineer,” she 
says. In the meantime, she hopes other people will 
help out in their communities: “You can do that by 
just planting a tree or opening the door for someone.” 
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Win Winter 
with These 
Jet-Powered 
Projects 

Retire the reindeer— and fire up the jet 

engines. These three vehicles will put 
your average sleigh to shame. 



SNOWBLOWER TRAIN 

When winter storms threaten to shut 
down commuter trains, New York 
City’s Metropolitan Transportation 
Authority blasts snow off the switch- 
es with jet engines. Built and mounted 
on railroad vehicles by mechanic Olie 
M. Ericksen, so-called snow jets use 
old aircraft engines as heating units. 
Ericksen replaced the original ignition 
systems with acetylene ones, which 
use a lower-voltage spark to ignite 
the fuel. “It actually works much 
better than the high-voltage spark, 
especially in colder temperatures," he 
says. The jets can even blow or melt 



ice from the third rail (which provides 
trains with electric power) with 700- 
to 900-degree exhaust. Ericksen isn't 
the first to build snow jets— the oldest 
one still in use dates back to the 
1960s. And some onboard engines 
are even older: Certain snow trains 
still use J57s, the first American 
jet engine to produce more than 
10,000 pounds of thrust. 



by 

ALLIE WILKINSON 



a sturdy frame, and then added a jet, 
a propane fuel tank, and the control 
system from a remote-controlled car. 
The resulting RC ice racer zips across 
the surface at up to 20 miles per hour. 
Evan says he's surprised it worked as 
well as it did. “It blew us out of the 
water," he says. The car can skate for 
about five minutes straight before 
running out of fuel. 



SNOWBOARD 

Entrepreneur Jude Gomila 
was tired of having to push 
his snowboard across the 
flats by foot. To propel 
himself, he mounted a 
battery-powered jet engine 
to his board. First, he 
3-D-printed six separate 
parts and assembled them 
into the mount. Then he at- 
tached a ducted fan engine. 
“It sounds like 100 vacuum 
cleaners going off at the 
same time," Gomila says. 
“But outdoors, it’s actually 
not that bad." By connecting 
a handheld controller to 
the motor, he can gradually 
increase his speed up to 
15 miles per hour. 



RC ICE CAR 

When Mason Ferlic was a high school 
senior, his parents gave him a welder. 
Fie and his youngest brother, Evan, 
immediately began using the new 
tool to build valveless pulse jets. 

The Ferlics put the engines to good 
use on the frozen lakes that dot the 
landscape of their native Minnesota. 
They attached old ice-skate blades to 
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Repurposed Tech 



A Reflective 
Dashboard 
for Your 
Morning 
Routine 

Ditch your Post-it notes for reminders 
built right into a mirror. Software engineer 
Hannah Mittelstaedt programmed an old 
Android tablet to show time, weather, and 
other information in bright letters on a dark 
background. Place the device behind a 
two-way mirror, and only the text will shine 
through. “Something about brushing your 
teeth in front of it 

by makes it feel more 

LYDIA CHAIN [j|^g future,” she 

says. Use her open- 
source program 
to make your own 
smart mirror, or 
modify it to do 
more— Mittelstaedt’s 
can analyze her face 
to detect her mood. 



TIME 2 hours 
COST $30 
DIFFICULTY • • 




MATERIALS 



INSTRUCTIONS 



• Android smartphone or tablet 

• Acrylic two-way mirror 

• Pencil 

• Scissors 

« Black construction paper 

• Glue stick 

• Double-sided adhesive strips 

• Drill 

• Hooks or nails 



1 Download the Home 
Mirror application (find 
the link at popsci.com/ 
smortmirror) and open it 
on your Android device. 
Set the screen bright- 
ness to maximum. 

2 Measure and cut 
the black construction 
paper to cover the 
entire back of the 



mirror, except for where 
the device will sit and 
for an extra half-inch 
around each of its sides. 

3 Put an even coat of 
glue on the paper, and 
stick it to the mirror. 
Gently adjust its position, 
and let it dry for at least 
15 minutes. 



4 Cut a strip of paper 
the height of the device 
and three times as 
wide. Glue the edge of 
the strip to the outside 
edge of the mirror’s 
uncovered area. 

5 Put adhesive strips 
on the side and bottom 
of the uncovered area. 
Press the free-hanging 



strip against the adhe- 
sive to form a pocket. 

6 Ensure no light leaks 
behind the mirror. Then 
drill small holes at the 
top for hooks or nails. 

7 Slide the Android 
device into its pocket, 
hang your mirror, and 
take a look. 





Bookmark 


Today, more and more devices come with a Web connection. Jamie Bailey created 
the website Initial State to store and visualize the incredible amount of data these 
machines can produce. Makers can use the site for simple projects, like graphing the 
daily change in temperature, or more-complex ones. For example, Baileys smart kitchen 
trash can tells the site how full it’s getting, and his fridge conveys how many bever- 
ages it holds (so he always knows when his nephew steals a beer). “When you start 
capturing all this data, you realize how alive your house or your 
apartment really is,” he says. DIYers can find tutorials for projects 
like these on the site — or dream up their own data-based ideas. nicolelou 


Initial State 

. 

V - 



PHOTOGRAPH BY Saiti Koplon 
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History Strikes Back 




I Defend My 
Backyard with a 
Bottle Bazooka 



beverage-bottle bazooka sure does shoot with authority. 

The original bazooka was developed to stop tanks 
during the early stages of World War II. In late 1940, the 
nnilitary had created a new type of grenade that focused 
its blast into a narrow point of energy capable of pene- 
trating tank arnnor. But it had a relatively short range. 

So 2nd Lt. Edward Uhl decided to build a device to keep 
foot soldiers away fronn the tanks they were targeting. 

After a bit of noodling, Uhl attached a dunnnny grenade 
to a rocket and put the rocket in a portable launch tube. 
The first tests of his device took place on a dock on the 
Potonnac River near the Aberdeen Proving Ground in 
northern Maryland. The projectile flew straight and far 
into the river channel, and later, at a nnortar shoot-off, 

Uhl scored a direct hit. A brigadier general nicknanned this 
rocket-launching gadget a bazooka, after the stovepipelike 
nnusical instrunnent used by a radio connedian at the tinne. 

My design for a bazooka looks 
a lot like the real McCoy. For the 
barrel, I used a 3-inch-dianneter 
heavy paper tube I found at 
a local packaging store. My 
projectile is an uncapped plastic 
beverage bottle, filled with a 
nnixture of air and evaporated 
alcohol. I position it in the tube 
so that the bazooka’s trigger— 
a nnodified grill igniter— fits inside 
the bottle. When a spark sets off 
the alcohol, it fornns a hot gas that 
gushes out of the bottle’s nnouth, 
propelling the plastic out of the 
tube. My bottle bazooka sports a 
distinctive and tough look. Even 
better, it packs a heckuva wallop. 



DIY-history columnist 
WILLIAM 
GURSTELLE 
gives bygone weapons 
a modern spin 



WARNING: Check your local 
laws and regulations before 
firing off a bottle bazooka — 
and don’t aim at innocent 
bystanders. 



I’ve always wanted nny own bazooka, but 
nny neighbors nnight not look upon that too 
favorably. So instead, I satisfied nny craving 
with a bazookalike contraption capable of 
launching plastic bottles clear across nny 
backyard. While it nnight not be quite on the 
level of a U.S. Arnny M72 rocket launcher, nny 



How a Chicago Doctor Shook Up the Hearing 
Aid Industry with his Newest Invention 

New nearly invisible digital hearing aid breaks price barrier in affordability' 



Hcporttti by J, Fage 

Chicago: Biwd-ccrtificd liar, Ntisc, & 
physician IJr. S. Chcrukun has done il onct: 
again with his nev^est invention of a medical- 
grade, Alij-DIGITAL, affurdable hearing; aid. 

This new digital hearing aid is packed with 
all the features of S3300 competitors at a mere 
fraction of the cost. Now* mojit people with 
hearing loss are nble to enjoy crystal dear* 
natural sound — in a erowd, on the phone,, 
in the wind — wit hunt snfTering through 
whist ling" and annoying background noise. 

New Hearing Aid Outperforms 
Expensive Competitors 

fhis sleek* lightweight, fully pri’tgrammed 
hearing aid is the outgrowth of the digital 
revolution that i$ changing our world. While 
demand for '^all things digital" caused most 
prices lo plunge (consider DVD players and 
Compute nt* which originally sold for thousands 
of dolUrs and today can be purchased for less), 
yd the cost of a digital medical hearing aid 
rcmam& out ol reach, 

Dr Chcrukiiri knew that many of his patients 
would benefit but couldn't afford the expense of 
the^e new digital hearing aids. Generally they 
arc mn covered by Medicare and most private 
health insurance 

I'he doctfir eviiliiated all the high priced 
digitiil hearing aids un the market, broke them 
down to their base cunipuncnts, and then 
created hl» ow n affordable version— called 
the \ID Hearing Aid AfR for its virtually 
invisible* lightweight appearance* 



r 



Nearly 

Invisible! 



SAME FEATURES AS 
EXPENSIVE HEARING AID 
COMPETITORS 

/ Mini Behlnd^e-Ear 

hearing aid with thin tubing 
for a nearly Invisible profile 

Advanced Noise Reduction 
to make speech clearer 

Feedback Cancellation 
eliminates whistling 

y/ Wide Dynamic Range 
Compression makes soft 
sounds audible ar^d loud 
sounds comfortable 

TelecolJ setting for use with 
compatible phones, and 
looped environments like 
churches 

3 Programs and Volume 
Dial to accommodate most 
common types of hearing 
loss even In challenging 
listening envlror^ments 



MDHearingAid* »4//? 



Can a hearing aid delay or prevent dementia? 

A study by Johns Hopkins and National institute on Aging suggests older 
individuals with hearing loss are significantly more likely to develop 
dementia over time than those who retain their hearing* They suggest that 
an Intervention — such as a hearing aid — could delay or prevent dementia 
by Improving healing! 



'‘Satisfied Buyers Agree AIR is the Best Digitai Vaiue!” 



7 am hearing things i didn’t know i was missing. Reaiiy amazing, 
i’m wearing them aii the time” — Linda I., Indiana 



“Aimost work too weii. i am a teacher and hearing much better 
now ” — Lillian B., California 

7 have used many expensive hearing aids, some over $5,000. 
The AiRs have greatiy improved my enjoyment ofiife” 

— Som Y., Michigan 

7 wouid definiteiy recommend them to my patients with 
hearing ioss” — Amy S., Audiologist, Indiana 




Affordable Digital Technology 

Cuing advanced digital Icchnology, the 
MDHcaringAid.J/if aulomalically adjusts 
to your listening environment prioritizing 
speech and dc-emphasi/ing background 
noise, txpeneiite all of the sounds youWe 
been missing at a price you can afford. 



FDA Guidance and 
Consumer Education 

The FDA states that only FDA-Registered 
hearing aids, such as the MDHearingAid 
AIR should be used to help people with 
hearing loss. Imitation “Personal Sound 
Amplifiers (PSAPs)” are not a substitute 
for hearing aids and can, in fact, lead to 
more damage in your hearing. 



The MDlloaringAid is FDA-Regislerud. 
1'his doctor designed und approx ed heuring 
aid comes with a full vearN supply nf long 
life batteries* It delivers eriup* dear sound 
all day long and the soft flexible ear buds 
are so ecimfor table you won't reali/e 
you're wearing them* 

Try It Yourself at Home 
With Our 45-Day Risk-Free Trial 

Of course, hearing is believing and we 
invite you to Iry il for yoursdf with 
RISK-FRliE 45-Day borne trial, tf you are 
not compk'idy simply return il 

within Ihol lime period for a full refund of 
your purchase price. 

For the Lowest Price plus 
FREE Shipping Call Today 

800 - 873-0541 

Phone Lines Open 
24 Hours EVERY DAY 

Use Offer Code CJ41 to get 
FREE Batteries for a Full Year! 

www.MDHearingAid.com 
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This past July, SteeLe Davis walked onto 
Sacrannento’s Bonney Field and prepared to 
steer a drone around a flag-nnarked track. 

First he donned a pair of goggles. Then he 
launched his H-shaped quadcopter and sent it 
into his signature trick, an inverted yaw spin. 

"You flip upside down and then rotate," says 
Davis, a 25-year-old fronn Atlanta. "So you’re 
inverted, but you’re being forced toward the 
ground because the props are still spinning." 

Davis is one of the pioneers in the sport 
of first-person-view drone racing. Pilots 
connpeting in the races wear goggles 
that give thenn a drone’s-eye aerial view, 
streanned fronn canneras on their nnachines. 
The effect is as if they had been nniniaturized 
and placed in tiny drone cockpits. 

The sport began as casual races annong 
friends. French nnodel-aircraft association 
Airgonay recorded one of these and posted 
the video on YouTube a little over a year 
ago. The footage of drones racing through a 
forest racked up nnore than 2 nnillion views. 
As nnore FPV drone videos hit the Web, the 
burgeoning sport grew, culnninating 



1 At drone nationals, 
competitors wore 
goggles that look like 
small VR headsets. 

2 Cameras on the 
drones streamed video 
to their pilots' goggles. 

3 Eight drones flew in 



each heat, with scores 
based on lap time. 

4 Racers had to avoid 
other drones and stay 
on the flagged course. 

5 In initial time trials, 
barely half the pilots 
completed all five laps. 



Drone 
Racing 
Takes Off 



in the first large-scale, organized drone- 
racing connpetition: the U.S. National Drone 
Racing Channpionships. 

Over two days this past sunnnner, 120 FPV 
pilots fronn around the world descended on the 
California State Fair to connpete for the fastest 
five-lap tinne— and nnore than $25,000 in prizes. 

Davis and eight other 
pilots also participated in 
ANDREW ^ special freestyle heat. 

ZALESKI In this category, judges 

score connpetitors based 
on the intricacy and 

inventiveness of their nnaneuvers. Davis took 
second behind Australian Chad Nowak. 

"Everybody was racing in different 
countries, but this was the first official 
international one that put it on the nnap," 
says Scot Refsland, CEO of RotorSports, the 
California connpany that organized the U.S. 
channpionships. Since then, national connpeti- 
tions have been staged in Gernnany, the U.K., 
and Canada. RotorSports is also planning a 
world channpionship in Hawaii this October, 
with nnore than 300 pilots fronn at least 35 
countries and $200,000 in prize nnoney. 

"With the drone nationals, the drone 
world channpionships, and little events 
everywhere popping up, it’s beconning a very 
connpetitive sport,” says Swiss pilot Raphael 
Pirker, known as "Trappy” for his aerial tricks. 
"There’s an opportunity for people to turn a 
hobby into a business and fly professionally." 



ADVERTISEMENT 



Choose Life 

Grow Young with HGH 



From the landmark book Grow Young with 
HGH comes the most powerful, over-the- 
counter health supplement in the history of 
man. Human growth hormone was first 
discovered in 1920 and has long been thought 
by the medical community to be necessary 
only to stimulate the body to full adult size 
and therefore unnecessary past the age of 20. 
Recent studies, however, have overturned this 
notion completely, discovering instead that the 
natural decline of Human Growth Hormone 
(HGH), from ages 21 to 61 (the average age at 
which there is only a trace left in the body) 
and is the main reason why the the body ages 
and fails to regenerate itself to its 25 year-old 
biological age. 

Like a picked flower cut from the source, we 
radually wilt physically and mentally and 
ecome vulnerable to a host of degenerative 
diseases, that we simply weren’t susceptible to 
in our early adult years. 

Modem medical science now regards aging as 
a disease that is treatable and prevent- 
able and that “aging”, the disease, is 
actually acompilation of various 
diseases and pathologies, from 
everything, like a rise in blood glucose 
and pressure to diabetes, skin wrinkling 
and so on. All of these aging symptoms 
can be stopped and rolled back by 
maintaining Growth Hormone levels in 




the blood at the same levels HGH existed in 
the blood when we were 25 years old. 

There is a receptor site in almost every cell in 
the human body for HGH, so its regenerative 
and healing effects are very comprehensive. 



Growth Hormone first synthesized in 1985 
under the Reagan Orphan dmg act, to treat 
dwarfism, was quickly recognized to stop 
aging in its tracks and reverse it to a remark- 
able degree. Since then, only the lucky and 
the rich have had access to it at the cost of 
$10,000 US per year. 



The next big breakthrough was to come in 
1997 when a group of doctors and scientists, 
developed an all-natural source product which 
would cause your own natural HGH to be 
released again and do all the remarkable 
things it did for you in your 20 ’s. Now 
available to every adult for about the price of 
a coffee and donut a day. 




GHR now available in 
America, just in time for 
the aging Baby Boomers 
and everyone else from 
age 30 to 90 who doesn’t 
want to age rapidly but 
would rather stay young, 
beautifiil and healthy all 
of the time. 






The Reverse Aging Miracle 



RELEASE YOUR OWN GROWTH HORMONE AND ENJOY: 



Improved sleep & emotional stability 
Increased energy & exercise endurance 
Loss of body fat 
Increased bone density 
Improved memory & mental alertness 
Increased muscle strength & size 
Reverse baldness & color restored 
Regenerates Immune System 



• Strengthened heart muscle 

• Controlled cholesterol 
» NormaUm blood prttiurt 

• Controlled mood swings 

• Wrinkle disappearance 

• Reverse many degenerative 
disease symptoms 

• Heightened five senses awareness 

• Increased skin thickness & texture 




This program will make a radical difference in your health, 
appearance and outlook. In fact we are so confident of the 
difference GHR can make in your life we offer a 100% 
refund on unopened containers. 



A Product of 
Global 

Products 



1 - 877 - 849-4777 

www.biehealth.us 



BIE Health Products 
3840 East Robinson Road 
Box 139 

Amherst, NY14228 



GHR 



DIV 2037839 ON 



The new HGH releasers are winning converts 
from the synthetic HGH users as well, since 
GHR is just as effective, is oral instead of 
self-injectable and is very affordable. 

GHR is a natural releaser, has no known side 
effects, unlike the synthetic version and has no 
known drug interactions. Progressive doctors 
admit that this is the direction medicine is 
seeking to go, to get the body to heal itself 
instead of employing drugs. GHR is truly a 
revolutionary paradigm shift in medicine and, 
like any modem leap frog advance, many others 
will be left in the dust holding their limited, or 
useless dmgs and remedies. 

It is now thought that HGH is so comprehen- 
sive in its healing and regenerative powers that 
it is today, where the computer industry was 
twenty years ago, that it will displace so many 
prescription and non-prescription dmgs and 
health remedies that it is staggering to think of 

The president of BIE Health Products stated in 
a recent interview. I’ve been waiting for these 
products since the 70’s. We knew they would 
come, if only we could stay healthy and live 
long enough to see them! If you want to stay on 
top of your game, physically and mentally as 
you age, this product is a boon, especially for 
the highly skilled professionals who have made 
large investments in their education, and 
experience. Also with the failure of Congress to 
honor our seniors with pharmaceutical coverage 
policy, it’s more important than ever to take 
pro-active steps to safeguard your health. 
Continued use of GHR will make a radical 
difference in your health, HGH is particularly 
helpful to the elderly who, given a choice, 
would rather stay independent in their own 
home, strong, healthy and alert enough to 
manage their own affairs, exercise and stay 
involved in their communities. Frank, age 85, 
walks two miles a day, plays golf, belongs to a 
dance club for seniors, had a girl friend again 
and doesn’t need Viagara, passed his drivers test 
and is hardly ever home when we call - GHR 
delivers. 

HGH is known to relieve symptoms of Asthma, 
Angina, Chronic Fatigue, Constipation, Lower 
back pain and Sciatica, Cataracts and Macular 
Degeneration, Menopause, Fibromyalgia, 
Regular and Diabetic Neuropathy, Hepatitis, 
helps Kidney Dialysis and Heart and Stroke 
recovery. 

For more information or to 
order call 877-849-4777 
www.biehealth.us 
©copyright 2000 
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Feed Your 3-D Printer 
Recycled Plastic 
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Tech Support 



1 





If you want to 3-D-print all of your ideas, 
you’ll need to start with a hefty supply 
of plastic filament — the “ink” used by 3-D 
printers. Or you could get a ProtoCycler 
and make your own. 

In 2013, Dennon Oosterman and his 
former classmates Alex Kay and David 
Joyce grew tired of churning through 
expensive filament. So they built a 
machine that could recycle it back into 
usable form. The $700 ProtoCycler grinds 
scrap plastic — such as empty bottles 
and rejected 3-D-printed models — into 
digestible pieces, melts it down, extrudes 
it, and winds it onto a spool. To ensure 
consistency, a computer-controlled 
diameter-feedback system uses two 
cameras to accurately measure the width 
of the filament. 

by There are a 

XAVIER few drawbacks to 

HARDING recycled plastic. 

Although the 
ProtoCycler’s 



filament starts out with about the same 
strength as the standard stuff, it gets 
weaker with each reuse. Reprinting your 
model too many times might make it 
brittle and frail. Multicolored plastic also 
blends like paint. This isn’t a problem 
at first, but eventually your filament 
will end up brown. None of that is a big 
deal if you’re using the printer to rapidly 
prototype designs, when quantity matters 
more than quality. “Anyone can 3-D-print 
something over and over again until they 
get it perfect,” Oosterman says. 



Q: My truck's been 
broken into twice. 

I need help building 
a security system! 

—HOPEFUL TRUCKER 

A; You might consider building a 
circuit with our motion trigger and 
buzzer modules to make a noise 
when someone moves nearby. If 
you have an Internet connection 
in your truck, you can program our 
cloud module to send you a text 
message when the motion trigger 
goes off. You can also include an 
MP3 module to play the intruder a 
prerecorded sound or message. 
-ALLISON VANNATTA 
LITTLEBITS REPRESENTATIVE 

as told to 

STEPH YIN 
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We have invested millions of 
dollars in our own state-of-the-art 
quality test labs and millions more 
in our factories, so our tools will go 
toe-to-toe with the top professional 
brands. And we can sell them for 
a fraction of the price because we 
cut out the middle man and pass 
the savings on to you. It’s just that 
simple! Come visit one of our 
600 Stores Nationwide. 



I ANY PURCHASE 
J>l 7 TSIiUIISir 
6 PIECE 
SCREWDRIVER 

LOT 61313/62583 SET 

47770/62728 ^ 

62570 shown 



Limit 1 coupon per customer per day. Save 20% on any 1 item purchased. ‘Cannot 
be used with other discount, coupon or any of the foiiowing items or brands: inside 
Track Ciub membership, extended service pian, gift card, open box item, 3 day parking 
iot saie item, compressors, fioor jacks, saw miiis, storage cabinets, chests or carts, 
trailers, trenchers, welders, Admiral, CoverPro, Daytona, Diablo, Franklin, Hercules, 
Holt, Jupiter, Predator, Stik-Tek, StormCat, Union, Vanguard, Viking. Not valid on prior 

purchases. Non-transferable. Original coupon must be presented. Valid through 4/15/16. 



LIMIT 1 - Cannot be used with other discount, coupon or prior purchase. Coupon good at our 
stores, HarborFreight.com or by calling 800-423-2567. Otter good while supplies last. Shipping 
& Handling charges may apply if not picked up in-store. Non-transferable. Original coupon 
must be presented. Valid through 4/15/16. Limit one FREE GIFT coupon per customer per day. 



^ TWO TIER COLLAPSIBLE 
EASY-STORE STEPLAOOER 

Customer Rat ing 

. f LOT 67514 



7 FT. 4" X 9 FT. 6" 
ALL PURPOSE WEATHER 
RESISTANT TARP 

LOT 69115/69137 
69249/69129/69121/877 shown 



S^RAPIO PUMP® 

^ 1.5 TON ALUMINUM 
^ RACING JACK 

puTSBUBtsnm 

Customer Rating cJllfC 



LOT 69091/67847 shown 
61454/61693/62803 

Customer Rating 



3-1/2 Pumps Lifts 
Most Vehicles 
Weighs 32 lbs. 



2251b. 

Capacity 



LOT 69252 
68053/62160 
62496/62516 
60569 shown 



j. cj 11 u 1 n 

LIMIT 4 - Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coup'on must be 
presented. Valid_ through 4/15/16. Limit one coupon per customer per day. 



Customer Rating 

aaaar comp at $9.; 
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ELECTRIC CHAINSAW 
SHARPENER 

LOT 61613 

68221 shown 



.,1 n Hf JI> r *m 

LIMIT 7 - Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 4/15/16. Limit one coupon per customer per day. 



LIMIT 4 ■ Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 4/15/16. Limit one coupon per customer per day. 



. 1.1 

LIMIT 6 ■ Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 4/15/16. Limit one coupon per customer per day. 



ROLLeR CABINET 

• 1060 lb. Capacity 

• 14,600 cu. in. of storage 



4-1/4“ grinding 
wheel inciuded. 



Cintinef Ptotlni .2500 LB. 

□□□£3 ELfCTUC WINCH jS&i 

$ 2 ' 999 i SIS'LL 

I |^53?ijat $259.99 6184 o/ 612 p/f 

. ; I iiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiii 



■ LOT 61609 
*67831 shown 



Includes 6V, 900 mAh NiCd 

battery pack. pOV.W 
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LIMIT 3 ■ Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coup'on must be 
presented. Valid through 4/15/16. Limit one coupon per customer per day. 
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LIMIT 5 ■ Good at our stores or HarborFreight.com or by calling ’ LIMIT 3 ■ Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior ■ 800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt, purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be | Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 4/15/16. Limit one coupon per customer per day. presented. Valid through 4/15/16. Limit one coupon per customer per day. 



1500 WATT DUAL 
TEMPERATURE HEAT GUN 
(57271112") 

Lqxler lot 62340/62546 



mTSBUBOHmam 
2 TON FOLDABLE 
SHOP CRANE 

LOT 69514 shown 
K AJIlVr 60388 



POWDER-FREE 
NITRILE GLOVES 
^ PACK OF 100 



700 RUNNING WATTS ! 

2 HPJ63 zm GYCl£ 3 
RESRkTIONAL 3 
GENERATOR I 

LOT 60338/69381 shown 

m siS?; 
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Customer Rating 

□□□r 



LIMIT 3 ■ Good at our stores or HarborFreight.com or by calling * LIMIT 7 ■ Good at our stores or HarborFreight.com or by calling 

800-423-2567. Cannot be used with other discount or coupon or prior 1 800-423-2567. Cannot be used with other discount or coupon or prior 

purchases after 30 days from original purchase with original receipt. * purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be | Offer good while supplies last. Non-transferable. Original coupon must be 

presented. Valid through 4/15/16. Limit one coupon per customer per day. _ presented. Valid through 4/15/16. Limit one coupon per customer per day. 



* LIMIT 5 - Good at our stores or HarborFreight.com or by calling 
1 800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
I Offer good while supplies last. Non-transferable. Original coupon must be 
j^presented. Valid through 4/15/16. Limit one coupon per customer per day. 



.i%iD '' Timi it 

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 
800-423-2567. Cannot be used with other discount or coupon or prior 
purchases after 30 days from original purchase with original receipt. 
Offer good while supplies last. Non-transferable. Original coupon must be 
presented. Valid through 4/15/16. Limit one coupon per customer per day. 



• 1 00% Satisfaction Guaranteed • No Hassie Return Poiicy 

• Over 25 Miiiion Satisfied Customers • Lifetime Warranty on am Hand Tools 



• 600 Stores Nationwide 

• HarborFreight.com 800-423-2567 



MED 


68496/61363 


LG 


68497/61360 


X-LG 


68498/61359 









Manual 

Lifesaver 



Hacker 

Medicine 

To manage her Type 1 diabetes, digital 
communications specialist Dana Lewis used 
to rely on a glucose monitor that beeped 
when her blood sugar hit an unhealthy level. 
But she frequently dozed through the alerts. 
“My life was at risk every night," she says. 

So when Lewis first started dating her 
now-husband, network engineer Scott 
Leibrand, they developed their own system. 

Lewis designed and 
Leibrand did most of the 
ANDREW coding for an algorithm 

ROSENBLUM that calculates Lewis’ 

insulin needs based on 
her monitor’s readings. 
After a year of testing, 
they loaded the program 
onto a Raspberry Pi and 
connected it to a battery. 
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Approximate 
number of 
Americans who 
have Type i 
diabetes 



the glucose monitor, and a med- 
ical USB stick. When Lewis’ glu- 
cose level is unsafe, the program 
automatically sends the correct 
insulin dosage to the USB stick, 
which wirelessly commands her 
insulin pump to inject it. 

Although FDA rules bar Lewis 
and Leibrand from publishing full 



instructions, they have released 
a partial codebase and reference 
design online. “If someone takes 
the time to understand how 
diabetes care has to work, they 
can put all the pieces together," 
says Leibrand. So far, 15 others 
have followed suit in hacking 
their own health. 



VISIT www.iHi 



SAVE UP TO 50 % 

OR MORE 

ON HEATING COSTS! 



T . C O M R A : i 1 






wall mounted room heater 



rtponi m litils 4 cMit 



[’afiWidft»;gf^.<iuto<£nimici9 power fig|Ki 



bovo 24/7; coci to #is^Toudi iliiti lovuig 1 x 221ii m 2” ihint 

-dow'i blow duit ordry iti* otr. gmt uriiUiHt tfv mtnulsi no drill rw^irad: 6 foot cord 
w'ko (rwn oit^Ynoordry «y* 1 20v S 220v hond^irodood modfl) ovoikibb 



ILLUSTRATION BY CLINT FORD 



JAKE REINIG 
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That’s a Job 



Inventing Sci-Fi 
Languages 

As a college freshman, David J. 
Peterson becanne fascinated with 
Languages. He then began inventing 
his own words and grammar. “It 
was kind of Like crocheting," he says. 
“Except you can make money with 
crocheting." Peterson finaLLy hit 
payday in 2009, when he won a 
competition to design the Dothraki 
Language for Game of Thrones. Soon, 
he was crafting fictionaL tongues for 
TV shows Like Defiance and The 100. 



4 , 




Number of words in Dothraki, 
the language of Game of Thrones' 
nomadic warrior tribe 



“Hash yer astoe 
ki Dothraki?"* 




affects grammar, and also 
with nouns. Then I base the 
language on whatever desire 
I have for the grammar’s 
shape to take. 

In the real world, languages 
evolve over time. Do yours? 

I am creating the language to 
look as if it evolved in the real 
world, so it has to have a 
realistic character to it. But 
since I am emulating thou- 
sands of years of linguistic 
evolution on paper, it is a 
monumentally difficult task. 



How do you start inventing 
a language? 

I separate the process into 
three distinct branches: 
sounds, word meanings, and 
grammar. I usually start with 
the sound system, which 



by 

MATT 

GILES 



*Do you 

speak 

Dothraki? 



Is there anything you try to 
consciously avoid? 

I don’t like articles and verbs. 
Languages like Russian, which 
have no definite or indefinite 
articles, get on fine without 
them — and that’s wonderful. 




Available in Black, Tan and Grey 




All-Weather 
Floor Mat 



CargoTech® 

Keeps Cargo Stable 



Cargo/Trunk Liner 



Side Window Deflectors 

Designed in USA - Handcrafted in Germany 



WeatherTech* 

American Manufacturing Done RightI 



Accessories Available for 



Acura • Audi • BMW • Buick • Cadillac • Chevrolet • Chrysler • Dodge • Ferrari • Ford • CMC • Honda • Hummer • Hyundai • Infiniti 
Isuzu • Jeep • Kia • Land Rover • Lexus • Lincoln • Maserati • Mazda • Mercedes-Benz • Mercury • Mini • Mitsubishi • Nissan 
Oldsmobile • Plymouth • Pontiac • Porsche • Saab • Saturn • Scion • Subaru • Suzuki • Toyota • Volkswagen • Volvo • and more! 



Order Now: 800-441-6287 




American Customers lAl Canadian Customers European Customers 

WeatherTech.com WeatherTech. ca WeatherTechEurope.com 
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AvailQble for purchase with coupon in 
fine stores everywhere or online at: 

www.appliednutrition.com 

Enter Coupon Code: 012130 
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I MAGNUM BLOOD-FLOW 



SEXUAL PEAK PERFORMANCE 



FOR MEN 




Consumer: Redeemable at retail locations only. Not valid for online or mail-order purchases. Retailer: 
Irwin Naturals will reimburse you for the face value plus 8 (cents) handling provided It Is redeemed by 
a consumer at the time of purchase on the brand specified. Coupons not properly redeemed will be void 
and held. Reproduction by any party by any means is expressly prohibited. Any other use constitutes 
fraud. Irwin Naturals reserves the right to deny reimbursement (due to misredemption activity) and/or 
reguest proof of purchase for coupon (s) submitted. Mail to: CMS Dept. 10363, Irwin Naturals, 1 Fawcett 
Drive, Del Rio, TX 78840. Cash value: .001 (cents). Void where taxed or restricted. ONE COUPON PER 



PURCHASE. Not valid for mail order/websites. Retail only. 




Go Ahead . . . 

Ask Us 
Anythin g 



Have a burning question? Email 
it to askonything@popsci.com or 
tweet it to @PopSci #AskAnything. 




ANSWERS BY Daniel Engbcr 

ILLUSTRATIONS BY JosoH Schneidcr 



A: 

The term “backwash,” referring to the mix 
of beverage and saliva that sloshes back into 
a shared drink, has been in use only since the 
mid-1980s. But concerns about its disgusting 
nature go back centuries. Early Muslim schol- 
ars argued over whether the liquid leftover in 
a vessel after someone has drunk from it— 
called su'r in Arabic— was pure enough to be 
used for ritual ablutions. These days, we have 
hard science to settle that ancient debate. 



Sunny Jung of Virginia Tech, who studies 
fluid mechanics in biological systems, explains 
that, in general, animals take in water in one of 
two ways: They either lap it up, like a dog, or 
they use a suction mechanism. Humans (and 
mosquitoes and elephants) fall into the latter 
camp. It’s a pretty efficient mechanism, but it 
can’t ensure that all the fluid will be contained: 
“There’s [always] some small amount of back- 
flow,’’ Jung says. 

There’s also evidence that backwash 
contains bacteria, and that sharing drinks can 
spread disease. In 2007, for example, epidemi- 
ologists began a study of pneumococcal 
pneumonia among young recruits in the Israeli 
Defense Forces. During six months of basic 
training, about one-third of recruits acquired 
the bacteria. Those who said they "always" or 
"usually" drank from shared bottles were at 
more than twice the risk of the contagion. It’s 
hard to know whether pneumococci were surf- 
ing a wave of backwash, or if the germs merely 
settled on the spout. Either way, it’s gross. 



Q: SHOULD I 
II FREAKED 
OUT BY 
BACKWASH? 



Short answer Yes. 
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Q: DO PEOPLE WHO 
GROW UP IN THE 
ARCTIC SEE BETTER 
IN THE DARK? 



Short answer They definitely get the 
blues. 



A: 

People who live north of the Arctic Circle 
experience two nnonths each year with no 
direct sunlight. During the dark winters, the 
only natural illunnination people experience 
is twilight, which tends to have a bluish 
color. So in 2007, cognitive neuropsychology 
specialist Bruno Laeng set out to see how 
this nnight affect the vision of these northern- 
nnost inhabitants. 

Laeng and his colleagues gathered about 
250 people, nnostly undergraduates fronn 
the Arctic University of Norway (where 
Laeng, now at the University of Oslo, was a 
professor at the tinne), and split thenn into 
two groups: those who were born above 
the Arctic Circle and those born below it. 

Both groups took a test nneasuring color 
discrinnination, in which they had to arrange 
nnore than 85 color tabs according to the 
progression in their hues. Those born in polar 
regions nnade nnore nnistakes arranging 
the yellow-green and green tabs, but far 
fewer nnistakes arranging the blueish ones. 
(Perhaps not surprisingly, the prevalence of 
red-green color blindness is higher in popula- 
tions that live farther fronn the equator.) 

Language also supports Laeng’s findings: 
Ohio State University psychologist Angela 
Brown looked at dictionaries for various 
populations— nnore than 450 languages in 
all— to see which ones had distinct words for 
the color “blue." She found that the closer 
people lived to the poles, the nnore they 
distinguished between the blues. 



K-band false alarms driving you nuts? 



The problem: Barraged by 
K^band false alarms lately? 

Seems like they're everywhere, 
and they hang on and on. 

What changed? A new safety 
feature, the lane-change, or 
blind-spot warning often uses 
K-band radar to "see" nearby cars. 

VI has the solution 

The old problem of K-band door-openers was 
self-limiting. Buildings don't move. You’re soon out 
of range. But a blind-spot system may tag along 
with you for miles. You Ye stuck, not knowing which 
car to maneuver away from. 

Introducing Junk-K Fighter : It recognizes these 
junky false alarms and excludes them, And it's now 
built into all new Vis. 

We can build one for you. Try it for 
30 days. If it doesn’t satisfy for any 
reason, send it back for a full refund. 

Call toll-freo1-m-331 -3030 
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NEW: Compute razed Junk-K Fighter analyzes 
artd rejects most hlind-spot warning systems. 
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Finding Studs 

Just Got A Lot Easier 





Highest Accuracy Stud Finder 
Tripie-Accuracy Technoiogy 
One-Step Operation 




The Franld^n S«nsorB PraSensor 710 has innovative technology 
that analyres data frofr 13 sensory working simultar^eoL-sJy to acoM- 
rately locale hidden sttids. You just press a hotfor, and LED lights 
irrrnediateiy indicate the center and width of the stod. No sliding 
required. The ProSensor 710 is the fastest^ most accurate stud finder 
on the market, it’s the easy way to find studs, 

wwwTran kli n nsors.com 



FRANKLIN 
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Ask Us Anything 



Q: WHY DO I FEEL 
LIKE SOMEONE’S 
WATCHING ME? 



Short answer Your brain is Likely reverse-engineering a reason. 



A: 

In 1898, a pronninent Cornell 
psychologist nanned Edward 
Titchener used a few sinnpLe 
tests on his students to prove 
that the “feeling of being stared 
at” was a product of neurosis. 
He becanne convinced it was. 
But we’ve Learned since there 
are Likely nnore than just 
panicky feelings at pLay. 

The "stared at” paranoia 
could arise fronn several factors, 
one of which is confirnnation 



bias. You rennennber those 
nnonnents you turned around 
and saw sonneone staring at 
you, but you’ll forget the tinnes 
when this was not the case. Or 
sonneone nnight be watching 
—just not with the intention 
you think: A sudden nnovennent 
could have triggered an unin- 
tended glance fronn a stranger. 
And never discount the role 
of an overactive innagination. 
For instance, you nnight hear a 
sound behind you that’s too 
quiet to enter consciousness 




but Loud enough to activate the 
fear circuits in the annygdala— 
the brain region prinnarily respon- 
sible for nnennory processing, 
decision-nnaking, and ennotional 
reactions. Then your brain 
constructs a story to explain it. 
“For sonne people the feeling 
itself is so connpeLLing that they 
have to explain it as sonnething 
real,” says University of Waterloo 
psychology professor enneritus 



Jannes Allan Cheyne. 

This sanne nnechanisnn could 
be at work, on overdrive, in the 
nninds of diagnosed paranoids, 
who experience delusions, 
hallucinations, and disruptions of 
typical ennotions and thoughts. 
“Most pathologies are extrenne 
conditions,” Cheyne says. “They 
tend to be exaggerated fornns of 
sonnething that we experience 
all the tinne.” 



Q: WHICH IS MORE 
POWERFUL: A GIANT 
MICROSOOPEORA 
GIANT TELESOOPE? 



Short answer The edge is microscopic. 



A; 

The Scanning Transmission Electron 
Holography Microscope stands 15 feet tall 
and weighs 14,000 pounds. “It’s such a 
powerful machine,” says Rodney Herring, 
who runs the microscope facility at the 
University of Victoria in Vancouver. It can 
image at an unprocessed resolution of 35 
triLLionths of a meter, making it more powerful 
than any other microscope in the world. And 
any telescope too. 

Microscopes Like Herring’s take images 
using electrons, which have a wavelength 
five orders of magnitude smaller than that 




of Light. Telescopes can’t use the same 
approach, because electrons from a far-off 
source would be deflected or absorbed 
before they made their way to Earth. 
“Electrons don’t reach us, but Light does,” 
says Herring, which is one reason that “we 
can see a Lot better Looking down at small 
things than we can looking out at big things.” 
Microscopists can also manipulate their 
samples. According to Mark NeiL, an optical 
physicist at Imperial College London, 
illuminating a sample with a pair of Lasers 
can improve the resolution of a normal 



microscope, from 300 nanometers to 10 nm. 
Electron microscopes Like Herring’s push that 
down even farther, into the atomic scale. 

It’s hard to find a comparable measure 
for a giant telescope. Astronomers are Less 
concerned with Linear resolution than they 
are with angular resolution, measured in 
arc-seconds (1/3,600 of a degree). The 
Hubble Space Telescope, for example, can 
take images Less than 0.1 arc-seconds. 

The European Extremely Large Telescope— 
currently under construction on a Chilean 
mountaintop— will have an angular resolution 
of 0.01 arc-seconds or better. 

To draw an accurate comparison 
between telescopes and microscopes, we 
should think of them in terms of the unaided 
human eye. NeiL says a person with normal 
vision is able to perceive objects at a Linear 
resolution of about 25,000 nm and an 
angular resolution of about 60 arc-seconds. 
So the best microscopes take us from 
25,000 nm to 0.035 nm— a 714,000-foLd 
improvement. The best telescopes, on the 
other hand, can push our vision only from 
60 arc-seconds to 0.01 arc-seconds— 
a 6,000-foLd improvement. % 
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MARK IT. 






Your vision combined with Epiiog’s power equais spectacuiar creations. 
From creaiing and persona 1 12 1 ng 3D modals, to laser die outting pra- 
prinlad objects, lo marking high-tach gadgets, our laser systems craata the 
products you see here and morel Whether you're working with wood, acrylic, 

paperboard or just about anything else, Epilog Laser systems precisely cut 
and etch the components you need. 



Contact Epilog Laser today for a laser system demo! 

www.epMoglaser.com/popsci • sales@epiloglaser.com • 888-437-4564 



MADEINUSA 

Golden, Colorado 




2016 Pre-Release 



Gold American Ea 

$5 Gold $10 Gold 

American Eai^le .American Bagl 



r-e Order 


it It y 

your 2016 CiolJ at Todays low prices! 7 : ® 




Vault Code: PS0116 


1 - 844 - 218-7103 

230 Country Lane Drive ^ Lumberton, TX ^ 77657 www^paramountrccxom 

All rights reserved. Metal prices are subject to change. New Customers only. Coins enlarged to show details. 
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iWHAT WOULD 
HAPPEN IF YOU 

ALTERNATELY HEATED AND CDDLED WATER 
|f ASTER THAN ENVIRDNMENTAL FREEZING 
. ” AND CDDLING... 3 TIMES/MINUTE 
/ 1 DO’S DF tIMES/GALLDN? 

V YOU WOULD CHANGE THE MEASURABLE 

PROPERTIES OF WATER... 



„.(thc Hydrogen Bond Angte in H20) 
AND CREATE A SPECIAL WATER that gen- 
erated 100‘a of cafis to The Washington 

Times and the Washington Post resuiting in 
an Investigative Articie Report: WP 1/27/92 
“10,000 peopie/day travei to obtain this 
water that wiii cure anything!” However, the 
discovery was immediateiy debunked untii 
a UCLA Medicai Schooi professor (doing in- 
dependent Biood Fiow Research) tested aii 
types of water and after buying severai E5 
machines, said: “You can’t argue with some- 
thing you can measure! We can measure the 
abiiity of Biood (94% water) to go through a 
membrane into the ceiis to the extremities. 
Nothing is even ciose to your water! Do you 
reaiize you are the first person to change the 
properties of water with fantastic medicai im- 
piications? Your Hydrogen Bond Angie is 10 
degrees greater than 
ordinary water!” 
However, In 
spite of the fact 
the resuits 
are mea- 
s u r a b i e , 
a retired 
C h e m i s - 
try facuity 
member 
from a Cana- 
dian University 



tried to enrich him^ by debunking the dis- 
covwy at the expense of the University which 
resuited in lOO's of ietters and phone caJis 

demonizing the man untii they forced him to 
state: “They don’t endorse him!”. They aiso 
received compiaints from our customers that 
inciuded Sioan Kettering Oncoiogists and 
scientists at Lawrence Livermore inciuding 
the top scientist at the Los Aiamos Nuciear 
Lab (with so many degrees after his name 
he needs a foid-out caiiing card) who bought 
our E5 machine and caiied Jon Spokes, the 
Advertising Manager at The Washington 
Times Nationai Weekiy “I am embarrassed,” 
he said, “to admit this, but John Eiiis HAS 
changed the Hydrogen Bond Angie in water. 
I wish I owned his patents!” 

Now, at 85 (it’s a famiiy effort) you can heip 
our Living Water Environmentai Foundation 
and get a 501 C3 Tax Deduction when you 
caii 845 754-8696 to order a John Eiiis Water 
Machine or John Eiiis Water 

With an Engineering Degree from Lafayette 
Coiiege that inciudes Steam Piant Design, 
John Eiiis thought this wouid be impossibie 
because the 104 degree Hydrogen Bond An- 
gie (HBA) in ordinary water is oniy an AVER- 
AGE that is constantiy changing, forming ice 
with a 108 degree HBA for exampie. How- 
ever, the “seed was pianted” as a 16 year 



old reading a book about the ancients in 
the Mellon Library at The Choate School that 
said: "Rapidly heating and cooling water pro- 
duces mystical qualities”. He never thought 
any more about it until Art Linkletter sent an 
M.D. to Hunza to see why they lived to ad- 
vanced age in good health. He found that the 
people that lived the longest collected water 
during the day from pools of water in glaciers 
at the top of the mountains that later froze 
at night. However, the doctor was fooled into 
thinking this water was like “distilled water” 
which it isn’t!! Ordinary distilled water has 
a HBA of ONLY 101 DEGREES which pro- 
duced the WORST measurable Blood Flow 
(above)! Although a 104 HBA is an AVER- 
AGE, glacier water probably has more 108 
(HBA) molecules even if it’s heated/cooled 
only once daily. This gave John Ellis the idea 
to rapidly heat and cool water not once but 
100’s of times/gallon TO SEE IF IT WOULD 
INCREASE THE HBA AND INCREASE THE 
HEALTH BENEFITS EVEN MORE and it 
HAS... on any subject you can name! Like 
the Washington Post Investigative Article 
also says: “The curative power results from 
the movements of water between two metal 
tanks!” which is the result of our little coun- 
tertop stainless steel machine! However, all 
claims are made for the WATER not a “ma- 
chine device” adjusted at the factory. Thir- 
teen Patents, 332 FDA Tests 





www.watercuresanything.com/RonaldReaganStory 

Gilbert Daunant (Prince Rainier’s cousin): “I just walked 40 blocks and I am 95! Send another E5 to Monaco!” 



ORDER A MACHINE: 845.754.8696 • LISTEN TO A RECORDING: 800.433.9553 







Exclusive offer for new customers, only $19^^! 



We invite you to try PIPESandCIGARS.com, the best dang tobacco shop in the world! The 
P&C Welcome Wagon Set is the quintessential starter or expansion to any pipe collection. 
You’ll receive the most popular blends on the planet — the wonderfully aromatic 
Captain Black Regular and the rich mellow 
Borkum Riff Bourbon Whiskey. We aren’t 
stopping there, we are including a Pipe Care 
Kit to ensure enjoyable tobacco flavor time and 
time again. And what better way to enjoy them 
than out of your FREE authentic pipe. Available 
only at PIPESandCIGARS.com, the leader in 
fast, friendly and expert service. 



The Welcome Wagon Set inclu des: 

• Borkum Riff Bourbon Whiskey loz 

• Captain Black Regular loz 

• Satin Finish Pipe Tool 

• Pipe Shield Airway Cleaner 

• Pipe Cleaners 
+ FREE Pipe 



*Call or visit us online to purchase your Sampler. ^19.99 + shipping & handling. Pipe bowl and shape will vary, substitutions may occur due to inventory conditions. One per 
customer please. Pennsylvania residents add 6% tax — remittance of any taxes on orders shipped outside of PA is the responsibility of the purchaser. We do not sell products 
to anyone under the age of 21. 



ONLY 

$1998 



800-494-9144 • PIPESandCIGARS.com/PCSA609 • Item# PP-PC16 • Code: PCSA609 • Expires 2-29-16 




Statehood Quarters 




National Park Quarters 



'complete Uncirculated 





-Coin Collection 



Never to be minted againi 

D on’t miss a unique event in U.S. coinage 
history! Since 1999, America’s quarters 
have featured special statehood, territory and 
national park designs - Ttivck for JO mda each 
and then ner& agcunt You can still get ALL 86 
quarters released to date in mint Uncirculated 
condition for only $29.95 - OVER 82% OFF the 
regular price of $U4«D, plus FREE SHIPPING. 

Order by deadline and also get a FREE 
Uncirculated 4-coin set of 2009 Lincoln 

Bictntennul cents! 

Vbull also receive our fully illustrated 
catalog plus other fasditating selections 

from our Free Examination Coins-on- 
Approval Service, from which you may 
purchase any or none of the coins - return 
balance in 15 days - with option to cancel at 
any time. Order now and SAVE OVER 827o! 

Mail coupon or order at 
www.LittletonCoin.com/specials 



Yours FREE! 



45 -Day Money Back Guarantee of Satisfaction 



when you order by deadline 



@ 



SPECIAL OFFER FOR NEW CUSTOMERS ONLY 

X YFc I Please send me an Uncirculated 86-coin set 
' of 1999-2008 Statehood, 2009 D.C. & 

U.S. Territories and 2010-Date National Park Quarters for 
ONLY $29.95 - reg. plus FREE Shipping (limit 5 

sets). Also send my FREE Lincoln Bicentennial 4-coin set 
(one per customer, please). 



You SAVE! 

Add Custom 
Statehood Quarter, 

D.C. & U.S. 

Territories Display 
Folders and SAVE 
Over 10% at $3.50 
each (reg.4*f5) 




You SAVE!^^^ 

istom 

r Display 



Add Custom 
America's 
National Park 
Quarter Display 
Folders and 
SAVE Over 10% at 
rnSr $3.50 each (reg. tiB) W® 



Order Deadline: 12:00 Midnight, February 29, 2016 



QTY 


DESCRIPTION 


PRICE 


TOTAL 




86-Coin Quarter Set (limit 5 sets) 


$29.95 






Statehood Display Folders - SAVE Over 10% 


$3.50 






National Park Display Folders -SAVE Over 10% 


$3.50 




FREE Shipping! Merchandise TOTAL 


$ 



Method of payment: Charge my: 

□ Check or Money Order payable □ VISA □ MC 

to Littleton Coin Company □ AMEX □ DISC 



Card No. 



Exp. Date_ 



n 



D 



Name 



Please print your complete name and address clearly 

Address Apt# 



City 



.State Zip_ 



E-Mail 

Please send coupon to: 

Littleton Coin Co:, Dept. 4BE400 
1309 Mt. Eustis Rd, Littleton NH 03561-3737 

America's Favorite Coin Source • TRUSTED SINCE 1945 
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SIMPLER 

STRONGER 

FASTER 



...than any Hydraulic 



ifimtiKf 




FLYWHEEL LOG SPUTTER 



NEW 

IVtodels 



So simpfe, no hydraufic 
pumps, valves, pistons, 
hoses or fluids to leak 
or replace. 

So strong its cast iron fly- 
wheel and steel componenis 
show almost no wear after splitting 

hundreds of cords. 



Now at Our 

LOWEST 

PRICES 

EVER! 



So fast, splits anything a hydraulic splitter j 
will in one-sixth the time! * 



[ FREE SHIPPING 



6 MONTH TRIAL 



SOME LIMITATIONS APPLY 



Call for FREE DVD and Catalog! 



TOLL-FREE 



877-201-7788 

DRlogsplitters.com 





Delivers the same hearing experience 
as devices costing thousands of 
dollars for 90% less. 

This FDA-Registered, state-of-the-art 
digital hearing aid is doctor designed 
to provide crystal clear, natural sound 
in a crowd, on the phone, in the wind- 
without “whistling” or annoying 
background noise. 

Call today for a 
45-Day Risk-Free Trial 

800 . 873.0541 

Use Code; CJ38 to get 
FREE SHIPPING and 
FREE Batteries for a full year. 

100% money back guarantee 

MDHearingAid.com 
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RotoCube® Rotating 
Whiteboard Bulletin Towers 
Put information where people 
gather. No walls needed. 






Magnatag.com/Towers 800 624 4154 



STEEL BUILDING SPECIALS 



BROCHURE 



FREE 



VISIT 

OUR 

WEBSITE 



2B YlAB COLOR WARRANTY 

30’ X 50’ X 10’ $8,700 

40’ X 60’ X 12’ $11,950 

50’ X 75’ X 14 $17,250 

60’ X 100’ X 12’ $22,999 

100’ X 150’ X 14’ $56,850 

PRICES INCLUDE COLOR SIDES & 
GALVALUME ROOF 
Local codes may affect prices 
Prices F.O.B. Mfg. Plants; Seal Stamped Blue Prints; 



STEB. BUILDING ETSTEMS 

Fax: 940-484-6746 
email: info@rhinobldg.com 
Website: www.RHINOBLDG.COM 

Toll Free 1-888-756-0737 
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M athTutorDVD 
press Ftey For success 



Havi^jMath Problems? 







Mb 



Ease 



Get Help Now! 

Baste Math 
Pre-Algebra 
Algebra thru Calculus 
Differential Equations 
Physics Begin Learning 

Chemistry 

Proba bi It ry /Statis ti cs 
Calculator Tutorials 



AwaraWinmrigC 
s/ Money Back , 

Order By Phone: 877 MATH DVO 



all amr^es vnlim or order DVDs ai: 

MathTutorDVD.com 



in Minutes! 

MalhrutwOVDiom 
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lakes...even ocean surf! Sea Eagle 370 Pro Inflatable Kayak 
Package includes 2 8' paddles, 2 deluxe kayak seats, 
foot pump & nylon carry bag. 

Spedal Sale - NOW $349 COMPLETE 
WITH FREE GROUND SHIPPING 

To 48 Contiguous United States 

Visit SeaEagle.com to order & for more info 
or Call for Catalog 1-800-748-8066 

USeaEagleBoats 

19 N.ColumbiaSt, Dept PS016B Port Jefferson, NY11777 













ENERGY AND SEXUAL HEALTH 

KSM-66® clinical study results show that this 
key ashwagandha ingredient helps support 
healthy testosterone levels, ENERGY, perform- 
ance and sexual health while reducing stress. 

LEAN BODY MASS 

Chromax® helps reduce body fat and preserve 
lean body mass, with diet and exercise. 

BETTER ABSDRPTIDN 

Bioperine®significantly enhances the 
bioavailability of various nutrients. 

DVERALL MEN’S HEALTH 

DHEA is a hormone precursor that is converted 
by the body to increase testosterone levels. 
Eormula also includes Cordyceps which is 
known for its health, energy and vitality benefits. 



REFIND YOUR PRIME 

CAFFEINE FREE -HERBAL EXTRACTS 



MDRIVESCIENCE.com 

Promo code save 25% PS25 







Amazing New Hybrid 
Runs Without Gas 



The new face of time? Stauer's Compendium Hybrid fuses 
form and functionality for UNDER $30! Read on... 



I nnovation is the path to the future. 

Stauer takes that seriously. That's 
why we developed the Compendium 
Hybrid, a stunningly-designed hybrid 
chronograph with over one dozen 
analog and digital functions that is 
more versatile than any watch that we 
have ever engineered. 

We originally priced the Stauer Com- 
pendium Hybrid at $395 based on the 
market for advanced sports watches... 
but then stopped ourselves. Since this 
is no ordinary economy, we decided to 
start at 92% off from day one. That 
means this new technological marvel 
can be yours for only $29^^! 

Welcome a new Digital Revolution. 

The watch's extraordinary dial seam- 
lessly blends an analog watch face with 
a stylish digital display. Three super- 
bright luminous hands keep time along 
the inner dial, while a trio of circular 
LCD windows track the hour, minutes 
and seconds. An eye-catching digital 
semi-circle animates in timewith the 
second hand and shows the day of the 
week. The watch also features a rotating 
bezel, stopwatch and alarm functions 
and blue, electro-luminescence 
backlight. The Compendium Hybrid 
secures with a rugged stainless steel 



band and is water-resistant to 3 ATM. 
Fits a 6 %"-8 %" wrist. Includes 2 year 
warranty on movement. 

Guaranteed to change the way 
you look at time. Stauer is so confi- 
dent of their latest hybrid timepiece 
that we offer a money-back-guarantee. 
If for any reason you aren't fully 
impressed by the performance and 
innovation of the Stauer Compendium 
Hybrid for $29^-^, simply return the 
watch within 30 days for a full 
refund of the purchase price. The 
unique design of the Compendium 
greatly limits our production, so don't 
hesitate to order! Remember: 
progress and innovation wait 92 ^ 
for no one! Ol7l? 

Offer Limited to 
First 2500 Respondents 
Stauer Compendium Hybrid Watch 
Now $29^^ +S&P Save S36S 

Call now to take advantage of this limited offer. 

1 - 800 - 333-2045 



Promotional Code VHW686-06 

Please mention this code when you call. 



Suucr 



14101 Southcross Drive W., 
Dept. VHW686-06 
Burnsville, Minnesota 55337 

www.stauer.com 
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Advance Release: 



Order Your New U.S. 2016 Silver Dollars Now! 



TV Millions of people collect the American 
1-VXEagle Silver Dollar. In fact it’s been the 
country’s most popular Silver Dollar for 
thirty years. Try as they might, that makes it 
a very hard “secret” to keep quiet. And right 
now, many of those same people are lining 
up to secure the brand new 2016 U.S. Eagle 
Silver Dollars — placing their advance orders 
now to ensure that they get America’s newest 
Silver Dollar just as soon as the coins are 
released by the U.S. Mint in January. Today, 
you can graduate to the front of that line by 
reserving your very own 2016 American 
Eagle Silver Dollars — in stunning Brilliant 
Uncirculated condition — before millions 
of others beat you to it. 

America’s Brand New 
Silver Dollar 

This is a strictly limited advance release on the 
30th anniversary of one of the most beautiful 
silver coins in the world. Today you have the 
opportunity to secure these massive, hefty one 
full Troy ounce U.S. Silver Dollars in Brilliant 
Uncirculated condition. The 100-year-old 
design features a walking Lady Liberty draped 
in a U.S. flag on one side and a majestic U.S. 
Eagle and shield on the other. 

The Most Affordable 
Precious Metal— 
GOVERNMENT GUARANTEED 

Silver is by far the most affordable of aU 
precious metals — and each full Troy ounce 
American Eagle Silver Dollar is government- 
guaranteed for its 99.9% purity, authenticity, 
and legal tender status. 

A Coin Flip You Can’t 
Afford to Lose 

Why are we pre-releasing the most popular 
Silver Dollar in America for a remarkably 
affordable price? We’re doing it to introduce 



you to what hundreds of thousands of 
smart collectors and satisfied customers 
have known since 1984 — GovMint.com 
is the place to find the world’s finest coins. 

Lock In Your Reservation 

By calling today, you can reserve some of the 
very first brand new Brilliant Uncirculated 
2016 American Eagle Silver Dollars. Your 
reservation and price will be locked in, and 
your stunning new Silver Dollars will be 
shipped to you just as soon as the U.S. Mint 
releases the coins in January. 

30-Day Money-Back 
Guarantee 

You must be 100% satisfied with your 2016 
American Eagle Silver Dollars or return them 
within 30 days of receipt for a prompt refund 
(less sfh). Don’t miss out on this exclusive 
advance release. Call immediately to secure 
these American Eagle Silver Dollars ahead of 
the crowd. 

2016 American Eagle 

Silver Dollar BU. -SiO.f? ea. (plus sfh) 

Shocking Low Price $ 1 7.95 ea. (plus sfh) 
LIMIT 10. 

Additional 201 6 Silver Eagle B U Dollars may 
be purchased for $19.95 each. Limited to 50 
total coins per household. 

FREE SHIPPING on 9 or More! 

Limited time only. Product total over $150 before taxes (if any). 
Standard domestic shipping only. Not valid on previous purchases. 

For fastest service, call today toll-free 

1 - 800 - 969-0686 

Offer Code ESB123-01 1 

Please mention this code when you call j 



GovMint.com* 



GovMint.com '14101 Southcross Dr. W. Dept. ESB1 23-01 ■ Burnsville, Minnesota 55337 
Prices and availability subject to change without notice. Facts and figures deemed accurate as of October 2016. 
NOTE: GovMint.com® is a private distributor of worldwide government coin and currency issues and privately 
issued and licensed collectibles, and is not affiliated with the United States government. GovMint.com is not an 
investment company and does not offer financial advice or sell items as an investment. The collectible coin 
market is speculative, and coin values may rise or fall over time. All rights reserved. © 2016 GovMint.com. 



THE BEST SOURCE FOR COINS WORLDWIDE^^ 




you LITERALLY 
WON’T HAVE TO 

LIFTA 

FINGER 




With the press of a button, 
you con restore your car’s 
original paint. Our online 
videos will show you how to 
tackle most repairs in 
a single afternoon. 

V 

V 

V 

Paint pens »> V 2 oz & 2 oz bottles 
12 oz spray cans »> Ready-to-spray pints, 
quarts and gallons 

AUTOMOTIVETOUCHUP.COM 

888-710-5192 





Homeowner’s 



Best Kept Secret! 




FREE Catalog & DVD! 

877-828-8323 



Use Promo Code: PS116 



StruckCorp.eom/models/rs1000 




Shocking truth revealed about; 



•well •alkalued 

•bottled •energized 
• filtered • reverse osmosis 
•mineral •distilled 
•spring • and more... 

C^l or visit waterscamsexposed.com 
1w FREE Report & Catalog! 

Ext 
781 

Waterwuelnc 

^^OBoxWMOLe^^ 
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The innovative truck camper from Little Guy Worldwide! 






These whiteboard 
walls give you 
and your team an 
unlimited blank slate 
that encourages 
original ideas and 
fosters out-of-the-box 
solutions. 
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I WhiteWalls .com 






Dr. Winnifred Cutler Creator of 10X 

BIOLOGIST'S AFTERSHAVE 
ADDITIVE INCREASES 
AFFECTION from WOMEN 






V Drew (NE) physician, 10X reorder “I 
carry on my own study. I wear it on some 
days and not on others. I am convinced 
the 10X works, and I see results both 
with my wife and with my office staff. 
Thank you very much. You have a very 
fine product.” 

V Rex (TX) “I sell auto parts in the 
evening. Auto parts are not the sexiest 
thing in the world but it is amazing the way, 
if a woman comes into the shop, she 

starts coming on to me over the 
counter. Listen, I am 46 years oid and it 
doesn’t make any difference. Any age 
woman 18, 58, it works on them aii.lOX 
makes the aii the difference. Thanks!” 



PROVEN EFFECTIVE IN 3 
DOUBLE-BLIND STUDIES 



Created by Winnifred Cutler, Ph.D. in biol- 
ogy from U. of Penn, post-doc at Stanford. 
Co-discovered human pheromones in 1986 
(Time 12/1/86; and Newsweek 1/12/87). 



athenainstitute.Gom 



Athena 10X is designed to enhance attrac- 
tiveness. Vial of 1/6 oz. added to 2 to 4 oz. of 
your cologne or aftershave lasts 4 to 6 
months, or use straight. Contains synthe- 
sized human attractant pheromones. 
Effective for 74% in 8 week published scientific 
study. Not guaranteed to work for all, since body 
chemistries differ, but will work for most. Cos- 
metics not aphrodisiacs. REJECT CHEAP IMITATIONS. 
Not in stores. Call (610) 827-2200 - Order online 
or send to: Athena Institute, Dept PS, 

1211 BraefieldRd. Chester Springs, PA 19425 
FREE US SHIPPING 



Please send me vials of 1 0X for men @$99.50 

and/or vials of 10:13 for women @$98.50 

for a *total by: □ money order □ check 

□ Visa.M/C.Disc. 

Exp 

to: Name 

Address 

Citv/Stat e 
Phone: 



_Sigi 



ZIP- 



email 



(*PA add 6% tax, Canada add US $1 0.00 per vial) PS 
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SAVE 

TIME 



24/7 

CUSTOMER SERVICE 

is only a click away! 

■ Change Your Address 

■ Check Your Account 
Status 

■ Renew, Give a Gift or 
Pay a Bill 

■ Replace Missing Issues 

Just log on to: 

www.popsci.com/cs 
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RETAIL PRICE 

$299 






OUTDO 



SWISS TRirruM illumination 



Swi>» Ouarti Morvmvnl • S«ppfii>r« Crystal 
^«l«r-Retls1iril 20 ATM ■ 2 Yearm Warranty 



1-888-3S5-4366 

www.ARMOURLITE.com 
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DONT LET PHOTO TICKETS 
DRAIN YOUR WALLET 



License plate cover that prevents photo tickets! 



• 100% Effective i ~ 

■ NO'Ticket Guarantee i SPECIAL OFFER! 

• Easy 30 Second Install iPiirchase your PhotoMaikCdver 

• Works against all speed & ^scoimt code 

red light photo cameras! 

WWW.P hotoMaskCover.com | Order now to take advantage of 



(877) 992-9688 



icjiir Umited time FREE shipping 
ithii month! 



Over 18,000 
Audio/Video Products! 







Receive a FREE sales 
flyer and special offer at: 
parts-express.com/pop 



^- 800 - 338-0531 



IPUOY A CQMTmUOtJl fyPPTT OF NOT 
WATER FOR YOUR EVERY NEED. 







219.1fi».47et I EZTANKLESS.COM ^ 




ClogHog.com 

877 - 992-5644 
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FREE 



All you need to know about the Bible for Salvation. 
http://aboutsalvation.blogspot.com/ 

Free CD, About Salvation. 

P.O. Box 156 Wartburg, TN 37887-0156 



SOOH THE QDYERHM£MT 
wiW tne 'MARK" OF THE BEAST as 

CHURCH nd STATE urntc! 

OFFER GOOD IN USA ONLY 

Need yoj' mailng add'-Ks nt££ BOC5KS /DVDS 
TB5M, Bast, 99, Lcnoi' CtCy. tk ^7771 
tncoibleseirstr jmeyahao cam " '-'^715. 



ELECTRICAL SUPPLIES & EQUIPMENT 



CONDUCTIVE SILVER EPOXY, Plant, 
Pens, Conductive carbon paint and tapes. 
www.semsupplies.com 



GOLD/JEWELRY 
K f N E K T 

SEAR RING a ^ 

GEAR NECKLACE ' r* -< ■ 

F<»E£ SNVPPlNQ WARRANT^ » 

kine ktdesign.com | 888 - 600-8494 



HEALTH & FITNESS 




HEALTH & FITNESS 



GOT WARTS? 

Electronic Wart Remover 
100% successful home treament 
(800) 645-0234 
www.wartabater.com 



OF INTEREST TO MEN 



WHERE SINGLES MEET 
Browse Ads & Reply Free! 

1-888-634-2628 
Use FREE Code 3185, 18+ 



POND & LAKE MANAGEMENT 



LAKE OR POND? Aeration is your 1st step toward improved 
water quality. Complete Systems $169 - $369. Waterfall? - 
11,000gph Water Pump only 3.6 amps! 2yr warranty! Just 
$599.95 www.fishpondaerator.com 608-254-2735 ext. #3 
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Cascade 5000 ^ 

Floating POND FOUNTAIN! OJJS 
Aerator 

Now Available Factory Direct! 

MSRP ($1100) You Pay $698.95! 
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WATER PURIFICATION 



BEST 

DRINKING H20! 

Doppler Ultra Sound tests 
at any Hospital PROVES it! 

free Bottled Water SAM RLE! 

S7 0.1%.C21< 

" WAmafPORTSCAMI-One^Sni^la 

cited by The Consumer Product Safety Commission! 
American Cancer Society founder at my home 50 
yrs ago: "Help the American people by recycling 
water 100's of times/gallon (NOT once!) to destroy 
deadly v iruses that also travel with steam and survive 
boiling!" 1 3 Patents, 332 FDA 
Tests, at 85 this works! 



VIDEO PROOF: 

This increase in 
ENERGY CAN 
CHANGE YOUR LIFE! 



800 433-9553 



lohnellis.com/RonaldReaganStory 
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Dispatch from the Future 




In a profoundly 

urbanized vision of the 
future, science-fiction 
artist John Harris 
imagines a city 
navigated by foot, with 
skyscrapers connected 
by viaduct. Harris says 
he was inspired by 
Canadian cities that 
planned to enclose 
walkways between 
their buildings to avoid 
the winter weather. 

The dense cityscape 
is an enduring vision, 
he thinks, "because 
there's a presumption 
that we'll become 
such an overcrowded 
planet that there 
won't be any room for 
greenery." A committed 
ruralist who lives in the 
English countryside, 
Harris also explores 
the idea of adapting 
organic structures for 
human habitation in 
his work— such as his 
mushroom city, which 
we featured in our 
August 2015 issue. 

by 

KATIE 

PEEK 



Dispatch from the Future 
is a series that imagines— 
through images and 
words— how humanity will 
live in the decades and 
centuries to come. 
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straight 

wireless 



Place your phone 
here to cut your 
wireless bill in hair 



NOW WITH 5GB OF 
HIGH-SPEED DATA 

Bring your own phone to Straight Talk and 
get unlimited talk, text and data with the 
first 5GB of high-speed data for just $45 a 
month. With a simple switch of a SIM card, 
almost any phone can be a Straight Talk 
Wireless phone. Keep your phone, network, 
and number for half the cost!^^ Learn more 
at StraightTalkBYOP.com 





NO-CONTRACT 30-DAY PLAN 

UNLIMITED 

TALK • TEXT • DATA 

FIRST 5GB HIGH SPEED 
THEN2G* 



tt'Kut Your Bill In Half'and "Half the cost" are based on a service comparison of two of the leading contract carriers' monthly online prices for comparable individual post-paid 
coUfr^t service plans, including overage charges, and Straight Talk's $45 service plan, excluding the cost of the phone and limited time promotions. Source: Contract carriers' 
webs^bs, August 2015. 

*At 2G speeds, the functionality of some data applications, such as streaming audio or video, may be affected. Straight Talk's Bring Your Own Phone plan requires a compatible, 
unlocked phone, activation kit and Straight Talk service plan. User may need to change the phone's Access Point Name settings. Please note: If you switch to Straight Talk, you 
may be subject to fees from your current provider. A month equals 30 days. Please refer always to the latest Terms and Conditions of Service at StraightTalk.com 
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